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Description

BACKGROUND OF THE INVENTION

[0001] The present invention relates generally to tech-
niques that cause an object or objects to have relative
motion. For example, techniques can cause relative mo-
tion of objects within a sensing region relative to a sensor
or sensing component such that the sensor or sensing
component provides sensing results that indicate wave-
forms with time variation resulting from the relative mo-
tion.
[0002] U.S. Patent Application Publication No.
2008/0181827 describes techniques that use spatially
modulated excitation/emission and relative movement
between a particle and an excitation/emission pattern.
For example, an interference pattern of excitation light
with submicron periodicity perpendicular to particle flow
can be used; other types of spatial modulation include a
spatially modulated mask or micro-lens or micromirror
array, electric or magnetic fields, acoustic field, molecular
coating creating fluorescence quenching, and micro-cav-
ity. As the particle moves along the pattern, emission is
modulated according to the speed of the particle and the
periodicity of the stripe pattern; examples of signals that
may be used include periodic, chirped, and random sig-
nals. A single detector, which records emission over a
couple of stripes, can be used. The signal can be record-
ed with fast detector readout to capture "blinking" of par-
ticles while moving through the excitation pattern. More
generally, an environment can be provided along a chan-
nel that causes a particle to create a time modulated sig-
nal that is detected, such as by an optical array or elec-
trode array, and evaluated. D. HOLMES ET AL., "label-
free differential leukocyte counts using a microfabricated,
single-cell impedance spectrometer, sensors, pages
1452-1455 (2007) describes an apparatus for combining
impedance and fluorescence based analysis of a single
cell. U.S. Patent Application Publication No.
2004/0223135 A1 describes several methods for meas-
uring the velocity of target particles moving in a fluid,
wherein the light emitted by the particle is modulated by
passing through an optical grating. A system can also
include means for providing relative movement between
a particle and a spatially modulated excitation region;
relative movement may be created by the particle mov-
ing, a detector/optical elements moving along, for exam-
ple, the channel, or by movement of both. For example,
a particle may be conveyed in a fluid, could be on a bio-
chip, or could be suspended in a fluid and housed on a
slide on the bed of a scanner with modulation patterns
that move in substantially perpendicular directions. Tech-
niques for evaluation of signals are described in U.S.
Patent Application Publication No. 2008/0183418.
[0003] It would be advantageous to have improved
techniques for causing objects to have relative motion
within sensing regions.

SUMMARY OF THE INVENTION

[0004] The invention provides various exemplary em-
bodiments, including systems, methods, and apparatus.
In general, the embodiments involve causing nonuniform
relative motion of objects within sensing regions.
In one embodiment of the method of claim 12 the act of
causing respective relative motion includes at least one
of:

causing fluid to carry objects in a channel that in-
cludes the sensing region, the channel having wall
parts with inner surfaces that bound the sensing re-
gion, the inner surfaces having shapes that cause
the nonuniform relative motion;
concurrently causing fluid to carry objects in a chan-
nel that includes the sensing region and causing
time-varying motion of the channel; the act of con-
currently causing fluid to carry objects in a channel
and causing time-varying motion of the channel in-
cluding:

causing channel motion modulation cycles as
objects are carried by fluid within the sensing
region, the nonuniform relative motion within the
sensing region resulting from at least one of the
channel motion modulation cycles; and

causing relative motion modulation cycles between
the sensor and a support structure that supports ob-
jects, the nonuniform relative motion within the sens-
ing region resulting from at least one of the relative
motion modulation cycles; the act of causing relative
motion modulation cycles comprising:

causing carrier relative motion with uniform
speed and direction between the support struc-
ture and the sensor; and
causing modulating relative motion between the
sensor and the support structure, the modulat-
ing relative motion including the relative motion
modulation cycles.

In a further embodiment the carrier relative motion is one
of a scanning motion and a rotating motion.
In a further embodiment the uniform direction of the car-
rier relative motion is in a scanning direction, the modu-
lating relative motion being in at least one of:

the scanning direction; and
a lateral direction that is not parallel to the scanning
direction.

In a further embodiment the uniform direction of the car-
rier relative motion is in a rotation direction of approxi-
mately constant curvature about an axis of rotation, the
modulating relative motion being in at least one of:
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the rotation direction;
a radial direction toward or from the axis of rotation;
and

a lateral direction that is not parallel to a plane that in-
cludes the rotation direction and the radial direction. In
one embodiment of the article of claim 14 the article in-
cludes the channel wall parts; the inner surfaces includ-
ing at least one of:

a pair of facing inner surfaces that have varying sep-
aration from each other;
a pair of facing inner surfaces that have periodic
shapes of equal period and that are substantially par-
allel to each other; and
a pair of facing inner surfaces that have random
shapes and that are substantially parallel to each
other.

In a further embodiment the article is a flow cytometer.
In one embodiment of the article of claim 15 the support
structure is at least one of:

a slide on which objects are supported;
a disk on which objects are supported; and
a fluidic structure that contains objects.

In a further embodiment the article further comprises at
least one of :

a scanner device; the scanner device including:

a first support component that supports the sup-
port structure;
a second support component that supports the
sensor; and
the relative motion component;
the control signals including:

scan control signals in response to which
the relative motion component causes
scanning relative motion between the sup-
port structure and the sensor; and
displacement control signals in response to
which the relative motion component caus-
es displacement relative motion between
the support structure and the sensor; and a
rotary device; the rotary device including:

a first support component that supports the sup-
port structure;
a second support component that supports the
sensor; and
the relative motion component;
the control signals including:

rotation control signals in response to which
the relative motion component causes ro-

tating relative motion between the support
structure and the sensor; and
displacement control signals in response to
which the relative motion component caus-
es displacement relative motion between
the support structure and the sensor.

[0005] These and other features and advantages of
exemplary embodiments of the invention are described
below with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] Fig. 1 is a schematic diagram illustrating general
features of a system in which a relative motion compo-
nent causes nonuniform relative motion of objects within
a sensing region relative to a sensor.
[0007] Fig. 2 is a schematic diagram showing general
features of implementations of systems as in Fig. 1 with
several mechanisms that control movement.
[0008] Fig. 3 is a schematic diagram showing features
of exemplary displacement control arrangements that
can cause nonuniform relative motion.
[0009] Fig. 4 is a schematic diagram showing features
of implementations of sensors that can perform encoding
and sensing.
[0010] Fig. 5 is a schematic block diagram of a system
in which components, such as in any of Figs. 1-4, can be
implemented.
[0011] Fig. 6 is a flow chart showing general operations
in an implementation of a nonuniform relative motion rou-
tine as in Fig. 5.
[0012] Fig. 7 is a schematic diagram of an analyzer in
a fluidic structure, where the analyzer includes a system
that can be implemented as in Figs.5 and 6.
[0013] Fig. 8 is a partially schematic cross-sectional
view of a fluidic component that could be implemented
in an analyzer as in Fig. 7, together with graphs showing
velocity and intensity as functions of time.
[0014] Fig. 9 and Fig. 10 are partially schematic cross-
sectional views of another fluidic component that could
be implemented in an analyzer as in Fig. 7, together with
graphs showing intensity as functions of time.
[0015] Fig. 11 is a partially schematic cross-sectional
view of a component that could be implemented in a sys-
tem as in Figs. 5-7 and in which control signals are pro-
vided to a motion device to produce displacement, to-
gether with a graph showing displacement as a function
of time and graphs showing sensing results as a function
of time for exemplary types of objects.
[0016] Fig. 12 is a partially schematic perspective view
of a system that can be implemented as in Fig. 5 and that
includes a scanner device.
[0017] Fig. 13 is a partially schematic side view of a
system that can be implemented as in Fig. 5 and that
includes a rotary device.
[0018] Fig. 14 is a partially schematic cross-sectional
top view, taken along the line 14-14 in Fig. 12. DETAILED
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DESCRIPTION
[0019] In the following detailed description, numeric
values and ranges are provided for various aspects of
the implementations described. These values and rang-
es are to be treated as examples only, and are not in-
tended to limit the scope of the claims. In addition, a
number of materials are identified as suitable for various
facets of the implementations. These materials are to be
treated as exemplary, and are not intended to limit the
scope of the claims.
[0020] The term "sensing" is used herein in the most
generic sense of obtaining information from a physical
stimulus; sensing therefore includes actions such as de-
tecting, measuring, and so forth. A "sensor" is a device
that performs sensing. Data or other signals that indicate
or include results of sensing are sometimes referred to
herein as "sensing results". An operation "obtains" sens-
ing results if the operation makes the sensing results
available in any appropriate way in the context; for ex-
ample, an operation could obtain sensing results by pro-
ducing sensing results, by providing or transferring sens-
ing results from one position or time to another, by ac-
cessing sensing results that are stored in computer mem-
ory or on a storage medium or captured in any other
machine-accessible form, or in any other way appropriate
to the context.
[0021] "Light" refers herein to electromagnetic radia-
tion of any wavelength or frequency; unless otherwise
indicated, a specific value for light wavelength or frequen-
cy is that of light propagating through vacuum. Light that
can include information is sometimes referred to herein
as an "optical signal".
[0022] "Photosensing" is sensing of light. A "photosen-
sor" is accordingly an electronic device that performs
photosensing. More specifically, if optical signals include
information, a photosensor that receives the optical sig-
nals may be able to sense the information and provide
sensing results that indicate or include the information;
sensing results from a photosensor often indicate "pho-
tosensed quantities", meaning quantities that indicate a
characteristic of photosensed light, such as an intensity,
a spectral characteristic, etc. A surface at which photo-
sensing occurs is referred to herein as a "photosensitive
surface".
[0023] Another type of sensing relevant to some ex-
emplary implementations described below is "imped-
ance-based sensing", meaning sensing that obtains in-
formation from variation in resistance (or inversely, con-
ductivity), capacitance, inductance, or another form of
electrical impedance that varies in response to a physical
stimulus such as an electrical or magnetic characteristic
of an object or of an object’s environment. As used herein,
"impedance-based sensing" includes sensing with Hall
effect sensors and similar types of sensors.
[0024] In general, the various types of sensors de-
scribed herein provide sensing results in the form of elec-
trical signals unless otherwise indicated or required by
the context. The term "electrical signal" is used herein to

encompass any signal that transfers information from
one position or region to another in an electrical, elec-
tronic, electromagnetic, or magnetic form. Electrical sig-
nals may be conducted from one position or region to
another by electrical or magnetic conductors, but the
broad scope of electrical signals also includes light and
other electromagnetic forms of signals and other signals
transferred through nonconductive regions due to elec-
trical, electronic, electromagnetic, or magnetic effects. In
general, the broad category of electrical signals includes
both "analog" and "digital" signals: An "analog" electrical
signal includes information in the form of a continuously
variable physical quantity, such as voltage; a "digital"
electrical signal, in contrast, includes information in the
form of discrete values of a physical characteristic, which
could also be, for example, voltage.
[0025] In a system in which sensing is performed, an
object moves relative to a region or component or feature
of the system or "has relative motion" if the object has a
succession of positions over time with respect to the re-
gion, component, or feature; the succession of positions
is sometimes referred to herein as the object’s "path",
even though the object may not itself be moving in an
absolute sense but only relative to the region, compo-
nent, or feature. More generally, the term "path" is used
herein in the general sense of a series of positions and/or
configurations that a relatively moving and/or varying ob-
ject can have during its relative motion and/or variation.
For generality, a part of an object’s relative motion, such
as a part of a path, is sometimes referred to herein as a
"segment", which could encompass any continuous se-
ries of one or more positions and/or configurations within
the relative motion.
[0026] The various exemplary implementations de-
scribed below address problems that arise in operating
sensors to obtain sensing results from objects. For ex-
ample, a number of techniques have been proposed in
which sensing is performed during relative motion be-
tween objects and sensors to obtain time-varying sensing
results. In general, previously proposed techniques em-
ploy some type of "uniform relative motion", a term used
herein to refer to relative motion that has approximately
constant speed and approximately constant direction,
where the direction could be in a straight line or in a line
that has approximately constant curvature such as an
arc of a circle. Uniform scan motion and uniform rotating
motion are two familiar types of uniform relative motion;
as used herein, the term "scan motion" refers to relative
motion substantially along a straight line, while "rotating
motion" refers to relative motion substantially along a line
of constant curvature, e.g. a circle or arc of a circle.
[0027] Although sensing with uniform relative motion
can be performed in many ways, it is constrained by the
requirement of uniformity: For example, if an object has
uniform relative motion within an environment that is uni-
form in every other way, sensing results resulting from
the object’s relative motion will provide limited informa-
tion because they will not in general include any time
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variation.
[0028] To increase information provided by sensing re-
sults, some techniques perform spatial modulation of
sensing results using some sort of "patterned environ-
ment", a term used herein to mean an environment with
a pattern that is present while several or many objects
have relative motion within the environment; a patterned
environment could result from a relatively stable or time-
varying pattern in one or more of various features of the
environment--excitation of objects in the environment,
masking or filtering of light emanating from objects in the
environment, impedance-based sensing of objects in the
environment, photosensing of light emanating from ob-
jects in the environment, and so forth. Exemplary types
of patterned environments described herein include ran-
dom patterns, periodic patterns, and chirp patterns: As
used herein regarding patterned environments, the term
"random" refers to a pattern that is non-periodic over the
entire length of a longitudinal sequence of regions; in
contrast, a "periodic" sequence has at least one pattern
that repeats more than once across the sequence’s lon-
gitudinal length; and "chirp" sequences meet the above
definition of random but can, with linearly varying time-
scaling, meet the above definition of periodic, in effect
being a sequence of periods of linearly changing frequen-
cy orwavelength.
[0029] Although uniform relative motion within a pat-
terned environment can be used in various sensing tech-
niques, a patterned environment must sometimes be
quite complex in order to obtain desired sensing results.
Also, although stable or time-varying patterned environ-
ments provide some flexibility, they can be difficult or
expensive to fabricate or otherwise implement and have
other practical limitations.
[0030] In these and other ways, uniform relative motion
techniques are not sufficiently flexible and robust to pro-
vide all the types of sensing that would be useful.
[0031] In addressing the limitations of uniform relative
motion techniques, exemplary implementations de-
scribed below cause objects to have nonuniform relative
motion within sensing regions. The general term "nonu-
niform relative motion" is used herein to refer to relative
motion between a sensor or sensing component and an
object in a sensing region relative to the sensor or sensing
component, where the relative motion departs sufficiently
from the above definition of "uniform relative motion" that
it includes measurable variation in one or both of speed
and direction; such variation is sometimes referred to
herein as "speed/direction variation". In other words, non-
uniform relative motion is relative motion between an ob-
ject and a sensor or sensing component that departs
measurably from having approximately constant speed
in a direction that is a straight line or a line of approxi-
mately constant curvature line. Also, if an object and a
sensor are not moving relative to each other, relative mo-
tion solely between the object and a patterned environ-
ment in a sensing region relative to the sensor would not,
by itself, be an example of nonuniform relative motion as

that term is used herein.
[0032] Nonuniform relative motion is "caused" when
one or more things bring it about as an effect, with its
"causes" being the things that bring about the nonuniform
relative motion. Exemplary implementations described
below illustrate various possible causes of nonuniform
relative motions with various kinds of speed/direction var-
iation; a specific nonuniform relative motion might be
caused, for example, by a component, part, or other fea-
ture of a system, device, apparatus, or article of manu-
facture or by an act such as an operation of a component,
part, system, device, apparatus, or article. By causing
nonuniform relative motion, the exemplary implementa-
tions can overcome limitations of uniform relative motion
techniques and can also provide new sensing techniques
not previously available or proposed.
[0033] Operations that cause nonuniform relative mo-
tion can do so in a variety of ways. For example, an op-
eration could "propel" or "drive" a fluid or other thing,
meaning the operation applies force that imparts move-
ment to or maintains movement of the fluid or other thing.
Also an operation could "control" a flow or other move-
ment or motion, meaning that the operation causes some
sort of change in the flow, movement, or motion while it
is occurring, acting as a concurrent cause of nonuniform
relative motion. Or an operation could be performed in a
way that "varies", meaning that something about the op-
eration changes while it is being performed, again caus-
ing the nonuniform relative motion. In general terms, an
operation could cause nonuniform relative motion by
causing other effects that, together, result in the nonuni-
form relative motion. For example, an operation could
cause speed/direction variation in an object’s relative mo-
tion within a sensing region; a mechanism that performs
such an operation is sometimes referred to herein as a
"motion-varying mechanism".
[0034] Although nonuniform relative motion can have
any of a multitude of types of speed/direction variation,
the types of speed/direction variation that are described
below in relation to exemplary implementations include
periodically varying, randomly varying, and/or chirp-var-
ying relative motion. These types are applicable to a va-
riety of implementations, including, for example, imple-
mentations in which sensing results include only infor-
mation resulting from speed/direction variation and also
including implementations in which sensing results in-
clude information both from speed/direction variation and
also from a patterned environment, such as an excitation,
filtering, or sensing pattern. As used herein, nonuniform
relative motion within a sensing region is "periodically
varying" if the sensing results are periodic, i.e. they in-
clude at least one pattern that repeats more than once
within the sensing region; in contrast, nonuniform relative
motion is "randomly varying" if it is not periodically vary-
ing; and randomly varying nonuniform relative motion is
"chirp-varying" if the sensing results can be linearly time-
scaled to obtain periodic sensing results. All these types
of variation can be implemented in various ways, such
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as in fluidic implementations and/or implementations in
which objects are on support structures.
[0035] An object’s relative motion, if it approximates or
is similar to a straight, curving line, or other line without
sharp angles or other vertex-like changes of direction, is
treated herein as providing a directional orientation as
follows: A direction parallel or approximately parallel to
the motion is sometimes referred to as a "longitudinal"
or "lengthwise" direction, while a direction perpendicular
or approximately perpendicular to the path is sometimes
referred to as a "radial", "lateral", or "transverse" direc-
tion. The lengthwise direction in which the object is mov-
ing is sometimes referred to as "forward" or "down-
stream", while the opposite direction is sometimes re-
ferred to as "backward" or "upstream". A radial direction
away from the object’s path is "out" or "outward", while
a radial direction toward its path is "in" or "inward". Light
propagating toward the path may be referred to as "in-
coming" or "incident", while light propagating away from
the path may be referred to as "outgoing". A component
or arrangement of components is "along" the path if it is
disposed near the path and has some extent in a longi-
tudinal direction. A component or arrangement of com-
ponents is "around" the path if, in a plane transverse to
the path, it intersects multiple radial directions, at least
two of which are separated by approximately 180 de-
grees of arc. In general, it should be understood that the
above directional orientation is arbitrary and only for ease
of description, and that an object’s relative motion may
have any appropriate orientation.
[0036] In a fluidic implementation in which fluid carries
objects in a longitudinal direction in a channel, channel
walls can have inner surfaces with shapes that cause the
relative motion to be nonuniform; in the specific example
of "microfluidic channels", i.e. fluidic channels with cross-
sectional dimensions between approximately 1.0 mm
and 0.1 mm, the Reynolds number is extremely low so
that flow remains laminar in a direction parallel to channel
walls, without turbulence despite changes in direction
and/or speed resulting from channel wall shapes. In ex-
emplary implementations described below, nonuniform
relative motion caused by shaped inner surfaces of chan-
nel walls can be periodically varying, randomly varying,
or chirp-varying. A region of a channel with wall shapes
that cause nonuniform relative motion is sometimes re-
ferred to herein as a "shaped-wall region".
[0037] In another fluidic technique, a displacement
component can cause time-varying relative displace-
ment of objects in lateral directions not parallel to the
longitudinal direction; the lateral relative displacement
could be periodically varying, randomly varying, or chirp-
varying. Similarly, in implementations in which objects
are on support structures, motion of one or both of a
support structure and a sensor can be controlled to pro-
duce periodically varying, randomly varying, or chirp-var-
ying relative motion. In both of these cases, whether with
a displacement component or with controlled movement
of a support structure and/or sensor, additional types of

nonuniform relative motion can be caused, as described
below in relation to exemplary implementations.
[0038] Modulated relative motion is one such addition-
al type of nonuniform relative motion. The term "modu-
lated relative motion" is used herein to refer to motion
that includes modulation cycles in combination with other
relative motion of one or more appropriate types; the oth-
er relative motion could be referred to as a "carrier com-
ponent" by analogy to a carrier frequency in signal mod-
ulation techniques, and could, for example, be uniform
relative motion such as scan motion or rotating motion.
The term "modulation cycle" is used herein to refer to a
single period-like portion of wave-like speed/direction
variation, such as a portion between two maxima, be-
tween two minima, or between two non-extrema that
have the same phase in relation to nearby extrema-just
as each cycle of a sinusoidal wave is equal to one period,
so each cycle of modulation is a period-like portion of
wave-like speed/direction variation. Frequency, wave-
length, and/or amplitude could, however, vary during a
single modulation cycle or between different modulation
cycles. In general, the modulation techniques described
below complete at least one modulation cycle within the
sensing region, making it possible to extract information
about frequency, wavelength, and/or amplitude of mod-
ulation from an object’s relative motion within the sensing
region.
[0039] In any of the exemplary implementations, the
sensing results can indicate at least one time-varying
waveform with information resulting from the nonuniform
relative motion. More specifically, the sensing results can
include motion-encoded information resulting from the
nonuniform relative motion. The sensing results can, for
example, indicate at least one waveform with time vari-
ation resulting from the nonuniform relative motion. The
sensing results can be used to obtain data indicating in-
formation resulting from the nonuniform relative motion,
such as by operations of a processor or processing com-
ponent.
[0040] Also, in some exemplary implementations, a
relative motion component includes one or more of a mo-
tion device, a fluidic device, a scanner device, and a ro-
tary device that, in response to control signals, can pro-
vide time-varying displacement. A scanner device, for
example, can provide relative motion in a scanning di-
rection between a support structure supporting one or
more objects and an encoder/sensor; in response to an
object’s trigger signal, the scanner device can provide
time-varying displacement in one or more of three direc-
tions, including the scanning direction, a first lateral di-
rection in which distance between encoder/sensor and
the object is not changed, and a second lateral direction
in which distance between encoder/sensor and the object
changes. Similar, a rotary device can provide relative mo-
tion in a direction of rotation between a support structure
supporting one or more objects and an encoder/sensor;
in response to an object’s trigger signal, the rotary device
can provide time-varying displacement in one or more of
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three directions, including the rotation direction, a radial
direction in which distance between encoder/sensor and
axis of rotation changes, and a lateral direction in which
distance between encoder/sensor and the object chang-
es.
[0041] By providing these capabilities, the exemplary
implementations alleviate the limitations of uniform rela-
tive motion techniques, such as those using patterned
environments; for example, some implementations can
employ uniform excitation and filtering in combination
with a relative motion component, avoiding difficulties in
fabricating or otherwise obtaining appropriate compo-
nents that provide patterned excitation and/or filtering.
Further, some exemplary implementations provide new
types of encoding/sensing not previously known.
[0042] The exemplary implementations described
herein could also be modified or operated in various other
ways. For example, they could cause other types of non-
uniform relative motion besides the specific examples
described herein, such as further combinations of the
specific types described.
[0043] Unless the context indicates otherwise, the
terms "circuitry" and "circuit" are used herein to refer to
structures in which one or more electronic components
have sufficient electrical connections to operate together
or in a related manner. In some instances, an item of
circuitry can include more than one circuit. An item of
circuitry that includes a "processor" may sometimes be
analyzed into "hardware" and "software" components; in
this context, "software" refers to stored or transmitted
data that controls operation of the processor or that is
accessed by the processor while operating, and "hard-
ware" refers to components that store, transmit, and op-
erate on the data. The distinction between "software" and
"hardware" is not always clear-cut, however, because
some components share characteristics of both; also, a
given software component can often be replaced by an
equivalent hardware component without significantly
changing operation of circuitry, and a given hardware
component can similarly be replaced by equivalent proc-
essor operations controlled by software.
[0044] Circuitry can be described based on its opera-
tion or other characteristics. For example, circuitry that
performs control operations is sometimes referred to
herein as "control circuitry" and circuitry that performs
processing operations is sometimes referred to herein
as "processing circuitry".
[0045] Fig. 1 shows general features of techniques that
cause nonuniform relative motion within a sensing region
relative to a sensor. The techniques are illustratively im-
plemented in system 10, but could be similarly imple-
mented in various apparatus and methods. System 10
illustratively includes sensor 12, sensing region 14, rel-
ative motion component 16, and circuitry component 18.
[0046] As used herein, the term "system" refers to a
combination of two or more parts or components that can
perform an operation together. A system may be char-
acterized by its operation. A system may include one or

more parts or components that can operate automatical-
ly, but, as used herein, the term "system" can include a
system with components that operate non-automatically,
automatically, partially automatically, or any combina-
tion.
[0047] Within a system, apparatus, device, or other ar-
ticle, components and parts may be referred to in a similar
manner. In addition to sensors as defined above, other
components of a system, for example, can include a "rel-
ative motion component" that operates to cause some
sort of relative motion. Various other components that
can occur in a system that includes sensors are also iden-
tified by their operations, including "excitation compo-
nents", "displacement components", "filter components",
and "sensing components" as described below. In addi-
tion, a component or part may be identified by charac-
teristics other than its operation; for example, a "circuitry
component" is a component that includes circuitry.
[0048] The term "excitation component" refers herein
to a part or component that provides excitation of any
appropriate type, in response to which objects emanate
light. For example, illumination of various kinds can
cause objects to emanate light, i.e. to photoluminesce,
so that many excitation components are light sources;
another example of excitation is an electron beam that
causes objects to emanate light, i.e. to cathodolumi-
nesce. Other types of excitation can also be provided,
within the scope of the techniques described herein, and
further examples of excitation are described in co-pend-
ing U.S. Patent Application No. 12/023,436, entitled "Pro-
ducing Time Variation in Emanating Light" and incorpo-
rated herein by reference
[0049] The term "displacement component" refers
herein to a part or component that provides displacement
of any appropriate type, typically displacement of objects
having relative motion within a sensing region; displace-
ment that is part of relative motion is sometimes referred
to herein as "relative displacement". Although a relative
motion component could be thought of as a type of dis-
placement component, a given system might include
both a relative motion component and a displacement
component or might include a single device that can op-
erate both as a relative motion component and as a dis-
placement component, and a relative motion component
might include one or more displacement components that
each provide a respective type of relative displacement;
exemplary implementations described below illustrate
some of these possibilities. For example, a fluidic device
could operate as a relative motion component, providing
an object’s relative motion in a longitudinal direction with-
in a channel, and a motion device could operate as a
displacement component, causing the channel walls
along a sensing region to move relative to the object such
as in a lateral direction not parallel to the longitudinal
direction. Or a scanner or rotary device could operate as
a relative motion component providing an object’s rela-
tive motion in a scanning direction or in a direction of
rotation, and could also operate as a displacement com-
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ponent providing relative displacement during the ob-
ject’s relative motion within a sensing region.
[0050] The term "optical filter" or simply "filter compo-
nent", "filter", or "mask" refers herein to a light-transmis-
sive part or component that transmits light in accordance
with a respective criterion, sometimes referred to herein
as a filter’s "type". For example, one general category of
filters is "band pass filters", referring to types of filters
that, across some application’s range of photon energies,
e.g. a range of wavelengths or frequencies such as the
visible range, preferentially transmit light within a sub-
range, sometimes referred to as a "band"; a band pass
filter’s type can therefore be specified by specifying the
band or subrange of photon energies in which it transmits.
A "blocking filter", which does not transmit any light in an
application’s range, can be viewed as a band pass filter
with a band of zero bandwidth, while a "transparent filter",
which transmits all light in an application’s range, can be
viewed as a band pass filter with a band that includes
the entire range. Other types of filters can also be pro-
vided, within the scope of the techniques described here-
in, and further examples of filters are described in co-
pending U.S. Patent Application No. 12/024,490, entitled
"Transmitting/Reflecting Emanating Light with Time Var-
iation" and incorporated herein by reference.
[0051] The term "sensing component" refers herein to
a sensor, as described above, or to a component that
includes a sensor together with at least some related
circuitry. As with other types of patterned environments,
sensing components can be categorized in relation to
sensing patterns, some examples of which are described
below. In general, categories of sensing patterns can in-
clude, for example, periodic patterns, chirp patterns, ran-
dom patterns, and so forth, and various other categories
could be identified; techniques employing sensing pat-
terns are described in more detail in co-pending U.S.
Patent Application No. 12/AAA,AAA (Attorney Docket
No. 20071070Q-US-NP/U1047/069), entitled "Obtaining
Sensing Results Indicating Time-Variation" and incorpo-
rated herein by reference in its entirety.
[0052] In the example illustrated in Fig. 1, sensor 12
responds to object 20 in sensing region 14, obtaining
sensing results from object 20 and providing the sensing
results to circuitry component 18.
[0053] In this context, the term "region" refers to a con-
nected set of points or positions in space. In the particular
examples, sensing region 14 is a region that is "relative
to" a component or device, meaning that the region has
an approximately constant spatial relationship to the
component or device and accordingly would move with
the component or device if the component or device
moved; more specifically, sensing region 14 is a region
relative to sensor 12, as suggested in Fig. 1 by its position
adjacent sensor 12. Region 14 may be thought of as the
region relative to sensor 12 within which an object can
interact with sensor 12 such that information can be
sensed through the interaction to an appropriate level of
accuracy for a given application.

[0054] In embodiments described herein, objects
move into and out of regions, from one region into an-
other, and within regions. Accordingly, regions as de-
scribed herein are not in general bounded by structures
that would interfere with such movements, but each sens-
ing region could have geometrically defined, imaginary
boundaries within which a given level of accuracy can be
obtained by the respective sensor.
[0055] Sensor 12 could perform sensing by interacting
with object 20 in various ways. For example, light could
emanate from object 20, such as by emission, scattering
(including, e.g. reflection), or transmission, and a portion
of the emanating light could be received by photosensors
in sensor 12. In general, such emanating light includes
light within an application’s range of photon energies,
meaning that techniques as in Fig. 1 can be successfully
used in a given application, e.g. flow cytometry, bio-chip
readout, scanning of a support structure bearing spots
or other objects, or any suitable kind of analyte detection,
even though emanating light might also include photon
energies that are outside the application’s range and that
might not interact with photosensors in sensor 12 in the
same way as light in the application’s range. In other
examples, object 20 could interact electrically or mag-
netically with impedance-based sensing elements in sen-
sor 12. In general, a sensor of any kind obtains sensing
results "from" objects in a sensing region when the sens-
ing results include information resulting from any such
interaction between the sensor and the objects while the
objects are in the sensing region.
[0056] The term "object" is used herein in the general
sense of any thing from which a sensor can obtain infor-
mation. In contexts with more than one object, the term
"distinguishable object" is used herein to refer only to an
object that is configured relative to other objects and/or
has other characteristics such that the sensor being used
can obtain information from the object substantially sep-
arately from information obtained from other objects. For
example, if objects in a set are approximately the same
in speed, mass, structure, etc. and therefore would not
be distinguishable if more than one were concurrently
present in a given sensing region, the objects in the set
may nonetheless be distinguishable if they are sufficient-
ly separated in position that only one of them at a time
can be in a given sensing region. Where a distinction
between a sensor’s distinguishable and non-distinguish-
able objects in a given implementation can be described
in terms of a parameter, such as extent of separation of
position, the distinction may be referred to as a "resolu-
tion limit" of the sensor.
[0057] In some implementations, sensors can obtain
information about objects by receiving signals from them;
for example, signals in the form of light can emanate from
an object, whether through emission (e.g. radiation, flu-
orescence, incandescence, chemoluminescence, biolu-
minescence, cathodoluminescence, other forms of lumi-
nescence, etc.), elastic or inelastic scattering (e.g. reflec-
tion, deflection, diffraction, refraction, etc.), or transmis-
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sion, and can be sensed by a photosensor. The light "em-
anates from" or is simply "from" the object, and may be
referred to herein as "emanating light". An object from
which light is emanating may be referred to herein as a
"light-emanating object". In other implementations, sen-
sors can obtain information about objects in other ways,
some of which are mentioned herein; in particular, im-
pedance-based sensors can obtain information about
objects in various ways, resulting from, for example, in-
teractions between objects and an arrangement of elec-
trodes or an arrangement of Hall effect sensors.
[0058] Examples of objects that could occur in imple-
mentations as described below include droplets, small
volumes of fluid, single molecules, agglomerated mole-
cules, molecule clusters, cells, viruses, bacteria, lengthy
polymers such as DNA or protein chains, submolecular
complexes such as tags on DNA or protein chains, mi-
croparticles, nanoparticles, beads or other small particles
that can bind and carry specific chemicals or other ana-
lytes, emulsions, any such type of object on a support
structure such as a slide or in an array such as an array
of sample wells, and a distinguishable region of a surface
such as a small area of a sheet of paper or other image-
bearing medium; a distinguishable surface region, could,
for example, be a colored spot. A droplet or small volume
of fluid may, for example, include atoms, molecules, or
other particles that emit light spontaneously or in re-
sponse to excitation; a particle could be a "fluorescent
component" of a droplet, fluorescing in response to ex-
citation. Or a droplet may include particles that absorb
light incident on the droplet, so that the droplet does not
reflect or otherwise scatter the absorbed light; in this
case, a particle could be an "absorbent component" of a
droplet. Or a droplet may include particles that scatter
light incident on the droplet in a way that depends on
photon energy, so that the droplet scatters the incident
light correspondingly; in this case, a particle could be a
"scattering component" of a droplet. An analyte (i.e. a
chemical species being investigated) in a droplet or other
object can act as a fluorescent, absorbent, or scattering
component. Analyte that is otherwise homogeneously
distributed, for example, can be localized by binding to
carrier beads, resulting in a moving object that emanates
light or provides other signals in a way that depends on
the analyte.
[0059] With respect to a light-emanating object, the ex-
pressions "characteristic of an object" and "emanating
light including information" have related meanings: The
term "characteristic" refers to a trait, quality, or property
of an object that can be measured and that persists with
a given value or within a given range or other subset of
possible values while light that "includes information
about the characteristic" is emanating from the object. In
appropriate implementations, characteristics of an object
could include mass, volume, density, cross-section or
other shape, chemical composition, position, speed, ac-
celeration, direction of movement, spin axis, directional
or angular velocity or momentum, net charge, charge po-

larity, absorption spectrum, emission spectrum, scatter-
ing spectrum, and so forth. Therefore, emanating light
"includes" information about a characteristic of an object
if information included in the emanating light indicates a
value, range, or other measure of the characteristic. Sim-
ilar terminology can apply to types of interactions other
than emanating light and to information of other types
that can be included in light emanating from an object or
that can be detected or sensed from other types of inter-
actions, such as interactions with impedance-based sen-
sors; some exemplary implementations described herein
relate to other types of interactions and other types of
information.
[0060] Emanating light or signals resulting from other
types of interactions can "include information" in many
ways, some of which are described below in relation to
specific implementations. Various criteria could be used
to determine whether emanating light or a signal resulting
from another type of interaction includes specified infor-
mation, and such criteria can be referred to as "encoding
criteria". Some encoding criteria, for example, involve
comparison of magnitude of a signal with noise magni-
tude, e.g. signal-to-noise (S/N) ratios, because S/N ratio
can affect whether specified information can be recov-
ered from sensing results obtained by photosensing em-
anating light. Other types of encoding criteria could be
used as appropriate. Where emanating light or a signal
resulting from another type of interaction satisfies an ap-
propriate encoding criterion for specified information, the
light or signal may be said to "encode" the information.
[0061] Similarly, sensing results, whether from photo-
sensing emanating light, from impedance-based sensing
(e.g. with electrodes or Hall effect sensors), or from an-
other type of sensing, can "include information" in many
ways, and similar encoding criteria could be applied as
with signals. Where sensing results indicate one or more
time-varying waveforms, the sensing results can be re-
ferred to as having "encoded time variation" or as "indi-
cating time variation". As implied above, sensing results
that include encoded time variation or other types of en-
coded information are sometimes referred to herein as
"encoded sensing results" to distinguish from sensing re-
sults that might not be encoded. If the encoded informa-
tion results from relative motion of objects, the sensing
results or time variation that include the information may
be referred herein as "motion-encoded", and the infor-
mation itself may also be described as "motion-encoded
information".
[0062] The term "waveform" is used herein in the gen-
eral sense of any set of values that varies over one or
more dimensions, whether continuous or discrete,
whether analog or digital, and whether measured or ob-
tained in any other way; a "time-varying waveform" is a
waveform that varies over a time dimension. Some of the
time-varying waveforms described below in relation to
exemplary implementations include intensity values, but
the expression "time-varying waveforms" also encom-
passes other values that vary over time, including purely
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numerical values with no specified units or other physical
significance. A "sensed time-varying waveform" is a time-
varying waveform that is indicated by sensing results ob-
tained over time. For example, if a photosensor provides
sensed quantities that indicate intensity of received light,
its sensing results could indicate a time-varying wave-
form indicating intensity sensed over time.
[0063] In general, information in a time-varying wave-
form could result from an object’s relative motion within
a sensing region in any of various ways, some of which
are described below in relation to exemplary implemen-
tations. For example, an object could move relative to a
sensor or to one or more parts or components of a sensor
or relative to one or more patterns or other features pro-
vided within or relative to a sensing region such that in-
formation about the object’s relative motion, e.g. about
relative speed or other relative rate of displacement, can
be included in emanating light or in other signals resulting
from interaction between the object and the sensor and
can therefore be included in encoded sensing results. An
object that has relative motion within a sensing region is
sometimes also referred to herein as "moving" or as hav-
ing "motion" or "movement", but an object’s relative mo-
tion within a sensing region may result from any appro-
priate motion of the object and/or motion of a sensor, its
parts or components, or patterns or other features within
or relative to its sensing region, such as a pattern of ex-
citation, filtering, or sensing or another environmental
pattern or feature.
[0064] In Fig. 1, relative motion component 16 causes
motion of object 20 and other objects (not shown), and
the relative motion of object 20 includes a segment of
relative motion within region 14, indicated by arrow 22.
Arrow 22 is shown extending in a longitudinal direction,
but this is only illustrative; the segment of relative motion
within region 14 could have any appropriate shape,
speed, and/or direction, as suggested by some of the
exemplary implementations described below. Relative
motion component 16 could also, of course, cause rela-
tive motion of object 20 into and out of region 14, also
suggested by some of the exemplary implementations
described below.
[0065] As illustrated by arrow 24, sensor 12 obtains
sensing results from object 20, and the sensing results
can illustratively take the form of electrical signals pro-
vided to circuitry component 18. The sensing results
could include information resulting from relative motion
of object 20; for example, they could indicate one or more
time-varying waveforms with information resulting from
the nonuniform relative motion of object 20 within region
14. If they include such information, the sensing results
would be an example of motion-encoded sensing results
as described above, and circuitry component 18 could,
for example, perform processing operations that use the
sensing results to obtain data that also include the en-
coded information, such as by also indicating time-vary-
ing waveforms; for such an implementation, circuitry
component 18 might include a microprocessor or other

processor or central processing unit (CPU), which could
be programmed to perform the processing operations.
Circuitry component 18 could provide the data for further
operations or for storage or transmission, as suggested
by arrow 26. Sensing results from sensor 12 could, how-
ever, take various other forms and motion-affected sens-
ing results and data could be used in various other ways.
[0066] Encoded sensing results or data that indicate a
time-varying waveform with information resulting from an
object’s relative motion within a sensing region are also
sometimes referred to herein as "motion-affected" sens-
ing results or data, as illustrated by the label adjacent
arrow 26. Motion-affected sensing results and/or data
can be used in many ways, some of which are described
below in relation to exemplary implementations. For ex-
ample, motion-affected sensing results or data can be
used to obtain data indicating some or all of the encoded
information, an operation referred to as a "decoding" op-
eration. The results of decoding can be used to distin-
guish objects and in various other ways, some of which
are described below in relation to exemplary implemen-
tations. In exemplary applications, such as where distin-
guished objects are registration marks in documents or
other images, appropriate subsequent operations can be
controlled based on results of operations that distinguish
objects.
[0067] The graphs in boxes 30 and 32 in Fig. 1 illustrate
several types of nonuniform relative motion of object 20
that relative motion component 16 could cause, such as
in response to control signals from circuitry component
18 as illustrated by arrow 34 or in other ways. In each of
the graphs, the horizontal axis represents time and is
labeled "t, while the vertical axis abstractly represents
one or both of speed and direction, with speed and/or
direction varying over time during the nonuniform relative
motion. In the illustrated examples, relative motion com-
ponent 16 operates as a "motion-varying mechanism",
meaning a mechanism that varies one or both of speed
and direction of objects’ relative motion within sensing
region 14 and that therefore can operate to cause non-
uniform relative motion. Exemplary implementations de-
scribed below cause nonuniform relative motion by var-
ying speed and direction in a number of specific ways,
thus illustrating specific examples of motion-varying
mechanisms.
[0068] The graphs in box 30 illustrate examples of
three types of nonuniform relative motion described
above, i.e. randomly varying, periodically varying, and
chirp-varying relative motion. The upper graph illustrates
speed/direction variation in an environment that also in-
cludes a periodic pattern that encodes sensing results;
the periodic pattern could, for example, be an excitation
pattern, a filter pattern, or a sensing pattern. The lower
graph, on the other hand, illustrates speed/direction var-
iation that follows cycles, referred to below as "speed/di-
rection cycles". As explained below, the time scales of
the two graphs are related.
[0069] In the illustrative waveform in the upper graph
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in box 30, speed/direction varies along a curve between
times T1 and T2 in such a way that sensing results (not
shown) that encode information from the periodic pattern
are non-periodic; therefore, this portion of the waveform
illustrates an example of randomly varying relative mo-
tion. Then, between times T2 and T3, speed/direction
holds constant and does not vary, so that the encoded
sensing results (not shown) due to the periodic pattern
are periodic; because speed/direction is constant, how-
ever, this is an example of uniform relative motion, not
periodically varying relative motion. Finally, between
times T3 and T4, speed/direction increases linearly, so
that the encoded sensing results (not shown) are non-
periodic but can be made periodic with appropriate linear
time-scaling; therefore, this portion of the waveform illus-
trates randomly varying relative motion that is, more spe-
cifically, chirp-varying relative motion.
[0070] In the illustrative waveform in the lower graph
in box 30, speed/direction variation follows cycles be-
tween times T1 and T2 but does not include a periodically
repeating pattern of cycles, so that the sensing results
(not shown) that encode information from the nonuniform
relative motion are also non-periodic; therefore, this por-
tion of the waveform illustrates another example of ran-
domly varying relative motion. Then, between times T2
and T3, speed/direction follows two cycles that are ap-
proximately identical, so that the encoded sensing results
(not shown) are periodic; therefore, this is an example of
periodically varying relative motion in contrast with the
uniform relative motion between times T2 and T3 in the
upper graph. Finally, between times T3 and T4, speed/di-
rection follows cycles of increasing frequency and de-
creasing wavelength such that the encoded sensing re-
sults (not shown) are non-periodic but can be made pe-
riodic with appropriate linear time-scaling; therefore, this
portion of the waveform illustrates another example of
chirp-varying relative motion.
[0071] The graph in box 32 illustrates modulated rela-
tive motion, another type of nonuniform relative motion
described above. In this graph, the horizontal axis cross-
es the vertical axis at a value labeled as the "carrier
speed/direction", meaning that it is uniform relative mo-
tion that serves as a carrier component as described
above. In addition, between times T5 and T6, the graph
includes modulation cycles, illustratively 2.5 cycles, i.e.
more than one modulation cycle is completed within
sensing region 14. Although the modulation cycles in box
32 are relatively regular, frequency, wavelength, and/or
amplitude could vary during a single modulation cycle or
between different modulation cycles, as noted above. Be-
cause at least one modulation cycle is completed in the
illustrated example, it is possible to extract information
about frequency, wavelength, and/or amplitude of mod-
ulation from sensing results provided by sensor 12.
[0072] As suggested by the words "AND/OR" between
the arrows leading from relative motion component 16 to
boxes 30 and 32, the illustrated examples of nonuniform
relative motion are not mutually exclusive, but rather

could be concurrently caused in a given example of non-
uniform relative motion. For example, the modulation cy-
cles in box 32 could be caused with any of the relative
motion types shown in the lower graph in box 30. Also,
two or more of the types of nonuniform relative motion in
box 30 could be superimposed by causing them concur-
rently, such as with different types of speed/direction var-
iation that can be independently caused; further, different
types of cyclic variation as in the lower graph in box 30
could be caused in sufficiently different frequency bands
that they would provide independent information encod-
ing. It would also be possible, of course, to combine any
of these examples with any appropriately patterned en-
vironment to obtain additional types of nonuniform rela-
tive motion.
[0073] Components of system 10 can be implemented
in any appropriate way, and some exemplary implemen-
tations are described below. Each of sensor 12, relative
motion component 16, and circuitry component 18 could
take a wide variety of different forms, illustrative exam-
ples of which are described below. For example, each of
the below-described exemplary implementations in-
volves relative motion within a sensing region, but relative
motion component 16 can cause relative motion in many
different ways, producing, for example, one or both of
fluidic relative motion and support-based relative motion.
In general, sensor 12 can be any suitable type of sensor
such as a photosensor or an impedance-based sensor.
Also, encoded sensing results can initially take the form
of analog or digital electrical signals, depending on the
structure and circuitry included in sensor 12, but encoded
sensing results could be converted to other forms, such
as optical or other electromagnetic signals, such as for
subsequent storage, transmission, and processing; ad-
ditional examples of sensing techniques are described
in co-pending U.S. Patent Application No. 12/AAA,AAA
(Attorney Docket No. 20071070Q-US-NP/U10471069),
entitled "Obtaining Sensing Results Indicating Time-Var-
iation" and incorporated herein by reference in its entire-
ty.
[0074] Fig. 2 shows a schematic representation of rel-
ative motion component 16, with several examples of
types of mechanisms it could include, illustratively fluidic
motion mechanism 60, channel motion mechanism 62,
support motion mechanism 64, and sensor/pattern mo-
tion mechanism 66. Each of the illustrated types of mech-
anisms could be a motion-varying mechanism that par-
ticipates in causing nonuniform relative motion, as illus-
trated by some of the exemplary implementations de-
scribed below, and other types of mechanisms could also
be employed in causing nonuniform relative motion.
[0075] Fluidic motion mechanism 60 and channel mo-
tion mechanism 62 are illustratively shown within fluidic
structure 170; as used herein, the terms "fluidic structure"
and "fluidic device" refer respectively to a structure or
device that depends for its operation on fluid positioning
or fluid flow. In general, the term "fluid" is used herein to
encompass all media that can flow, including liquids, gas-
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es, aerosols, and so forth. The related term "channel"
refers herein to any tube or other enclosed passage with-
in a fluidic structure through which fluid flows during op-
eration. In order to contain fluid, a channel or other fluidic
region is typically "bounded", meaning that surfaces or
surface areas bound it on at least some sides. In the
illustrated example, channel walls 172 have inner sur-
faces that bound a channel within fluidic structure 170.
[0076] Fluidic motion mechanism 60 operates to con-
trol flow of fluid carrying objects within sensing region 14,
which is in the channel bounded by walls 172. The flow
of fluid within the channel is represented by arrow 174;
as described above, arrow 174 can be treated as a lon-
gitudinal direction. Fluidic motion mechanism 60 could,
for example, include one or more fluidic propulsion de-
vices such as pumps together with circuitry that can con-
trol the pumps in response to appropriate control signals,
so that the pumps in turn control flow of fluid within sens-
ing region 14.
[0077] Channel motion mechanism 62 operates to
control movement of the channel bounded by walls 172.
Mechanism 62 can, for example, include one or more
suitable motion devices that operate to move walls 172
in lateral directions that are not parallel to the longitudinal
direction, as suggested by bidirectional arrow 176. Mech-
anism 62 can also include appropriate circuitry that re-
sponds to control signals by controlling operation of the
motion devices so that they in turn control movement of
the channel. As the channel moves in a lateral direction,
objects being carried by fluid through sensing region 14
have additional relative motion in a direction opposite the
lateral direction.
[0078] In the illustrated implementation of relative mo-
tion component 16, fluidic structure 170 is supported on
support structure 80, which is in turn connected to device
82. Device 82 includes mechanisms 64 and 66, and is
also connected to sensor 12.
[0079] Support motion mechanism 64 operates to con-
trol movement of support structure 80. Mechanism 64
could be implemented with a combination of one or more
motion devices together with appropriate circuitry that
responds to control signals by controlling operation of
the motion devices. The motion devices could cause rel-
ative motion, as suggested by x- and z-axes 84. Although
shown in combination with fluidic structure 170 and
mechanism 60 and 62, relative motion component 16
could also be implemented in systems in which objects
are supported more directly on support structure 80.
[0080] Sensor/pattern motion mechanism 66 similarly
operates to control movement of sensor 12, of one or
more parts or components within it, or of a pattern within
or relative to sensing region 14, and could similarly in-
clude one or more motion devices together with appro-
priate circuitry that responds to control signals by con-
trolling operation of the motion devices. As suggested by
x- and z-axes 86, the motion of sensor 16 and of support
structure 80 can combine to provide a given relative mo-
tion; in other words, motion of sensor 12 in its x-direction

is equivalent to motion of support structure 80 in its x-
direction, while motion of sensor 12 in its z-direction is
equivalent to motion of support structure 80 in its z-di-
rection, even though the respective x-directions and z-
directions are shown as opposites.
[0081] As indicated by some of the exemplary imple-
mentations described below, device 82 could, for exam-
ple, be a scanner device or a rotary device. As explained
in greater detail below, such a device could provide a
carrier component of relative motion as well as mediation
cycles as described above in relation to Fig. 1.
[0082] Fluidic structure 170 together with mechanisms
60 and 62 are only one example of how relative motion
of objects could be subject to displacement control as
the objects follow respective paths through a sensing
component with one or more sensors in an appropriate
arrangement. More generally, a variety of different dis-
placement control arrangements could be used along
paths of objects that have relative motion into, out of, and
within each of a series of sensing regions.
[0083] In Fig. 3, displacement control arrangement 100
is along a path of object 20 which has relative motion
into, out of, and within a series of sensing regions, each
relative to a respective sensor or sensing component.
Displacement control arrangement 100 includes a com-
bination of one or more displacement control compo-
nents, each of which is illustratively shown enclosing a
respective segment of the path of object 20 as it has
relative motion within sensing regions. It would, of
course, be possible to implement displacement control
components in other ways, such as where an object has
relative motion along a path that is not enclosed within a
channel or fluidic structure. Further, as described above,
relative motion of object 20 could be produced by any of
a wide variety of types of motion control, including any
of those described in relation to Fig. 2.
[0084] Although displacement control components
could be positioned in any appropriate way along a path,
the displacement control components in Fig. 3 are ar-
ranged along a one-dimensional coordinate axis labeled
the "x OR f’ axis. As suggested by this label, the path of
object 20 can be treated either as extending in space,
such as along an x-direction, or as occurring over time,
t: In some cases specifically indicated in this application,
the x-direction thus refers solely to an object’s path, which
might not follow a straight or constantly curved line rela-
tive to the environment; in some other cases, however,
the x-direction refers to a longitudinal direction in which
fluid is caused to flow in a fluidic channel, a scanning
direction in which relative motion is caused by a scanning
device, or a rotating direction in which relative motion is
caused by a rotary device. Where the x-direction refers
solely to an object’s path, information about its speed or
other rate of displacement can be sufficient to allow an
approximate mapping between its x-direction positions
and times t; more generally, mapping between an ob-
ject’s x-direction positions and times t can be based on
any suitable system, such as with trigger detection tech-
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niques as described in U.S. Patent No. 17,358,476,
entitled "Sensing Photons from Objects in Channels",
and in co-pending U.S. Patent Application No.
12/BBB,BBB (Attorney Docket No. 20071678Q-US-
NP/U1047/070), entitled "Obtaining Sensing Results
and/or Data in Response to Object Detection", both in-
corporated herein by reference in their entireties, or from
other techniques, including obtaining information such
as a trigger signal from an object’s encoded signal. In
general, however, trigger detection is not necessary for
exemplary implementations described herein, except as
otherwise indicated, because sensing results indicating
time variation can be obtained in response to relative
motion of objects within an encoding/sensing region that
has a fixed pattern or environment.
[0085] Fig. 3 shows several exemplary components
within a sequence of control components 102 through
104, with component 102 labeled "0" and component 104
labeled "(N-1)". Although each displacement control
component in the sequence illustratively contains a re-
spective segment of the path, it may be possible to im-
plement displacement control components that affect
displacement in overlapping segments of a path or that
interact in other ways.
[0086] Control component 110, labeled "n1", illustra-
tively includes shaped boundary 112, meaning that a
boundary that extends partially or completely around the
path, such as the boundary of a fluidic channel, has a
shape that affects or controls displacement of object 20
as it has relative motion along the path, such as by af-
fecting its speed or other rate of displacement. Several
examples of boundary shapes are described below in
rotation to exemplary implementations.
[0087] Control component 120, labeled "n2", illustra-
tively includes motion device 122. Similarly to channel
motion mechanism 62 in Fig. 2, device 122 can illustra-
tively cause lateral motion of a boundary in its segment
of the path, as suggested by bidirectional arrows 124.
Line 126 shows that device 122 can receive control sig-
nals from displacement control circuitry (not shown).
Component 120 could also include trigger detecting cir-
cuitry (not shown), and the displacement control circuitry
could respond to the trigger detecting circuitry by initiating
operation of device 122, either in a steady state or time-
varying manner; as noted above, however, trigger detec-
tion is not required for exemplary implementations de-
scribed herein except as otherwise noted. Examples of
how device 122 could be implemented are described be-
low in relation to specific implementations.
[0088] If arrangement 100 in Fig. 3 includes device 122
or another device that receives control signals, it would
be an example of displacement circuitry, i.e., circuitry that
provides or responds to control signals by causing dis-
placement. In general, displacement circuitry could be
used together with any appropriate type of sensor, in-
cluding various photosensors and impedance-based
sensors as mentioned above. Another type of sensor that
can include displacement circuitry is an "encoder/sen-

sor", which may sometimes be referred to as an "encod-
ing/sensing component" or an "encoding/sensing ar-
rangement". An encoder/sensor operates to provide en-
coded sensing results, meaning that the encoder/sensor
performs operations that encode information in the sens-
ing results. The encoded information can result from rel-
ative motion produced in ways described herein, and can
also result from other operations within or features of the
encoder/sensor. An "encoding/sensing region", by anal-
ogy to a sensing region as defined above, is a region
relative to an encoder/sensor such that the encoder/sen-
sor can obtain sensing results from objects in the encod-
ing/sensing region.
[0089] Fig. 4 illustrates general features that can be
included in encoder/sensors that perform photosensing
of emanating light. Emanating light that includes infor-
mation about an object’s relative motion within an encod-
ing/sensing region or other sensing region is sometimes
referred to herein as "motion-affected" light, as including
"motion-dependent information", or as having "motion-
dependent encoding". For example, light emanating from
an object carried in fluid, such as liquid, gas, or aerosol,
could be motion-affected light as a result of one or more
of an excitation pattern, nonuniform relative motion, a
filtering pattern, or a sensing pattern. Similarly, light em-
anating from an object supported by a support structure
could be motion-affected light as a result of one or more
of these causes.
[0090] In Fig. 4, dashed boundary 150 represents a
channel or other region in which objects can have relative
motion caused by fluidic or other relative motion devices
(not shown). Object 20 is one of a number of distinguish-
able objects that have relative motion within the region
in a direction indicated by arrow 152. The path of object
20 includes a segment in which it is in an encoding/sens-
ing region relative to encoder/sensor 160. During relative
motion of object 20 within the encoding/sensing region,
control signals from control circuitry 162 cause encoding
of information in emanating light.
[0091] Control circuitry 162 provides control signals
that cause one or both of encoder/sensor 160 and the
relative motion devices to operate so that encoder/sensor
160 provides encoded sensing results indicating at least
one time-varying waveform with information resulting
from relative motion of object 20 within the encod-
ing/sensing region, as shown in box 164.
[0092] Encoder/sensor 160 could be implemented in
many different ways to provide encoded sensing results.
Fig. 4 illustrates several different types of circuitry that it
could include, though encoder/sensor 160 could also be
implemented with any appropriate subset of the types of
circuitry shown.
[0093] In implementations with all types of circuitry as
shown, excitation circuitry 170 can be controlled to pro-
vide excitation; displacement circuitry 172 (and possibly
also relative motion devices) can be controlled to provide
relative displacement of object 20 within the encod-
ing/sensing region; filter circuitry 174 can be controlled
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to perform filtering, such as on emanating light; and sen-
sor circuitry 176 can be controlled to perform sensing.
More specifically, sensor circuitry 176 can include pho-
tosensing elements 178, such as in a longitudinal se-
quence of discrete photosensing elements or a longitu-
dinal sequence of sets of cells in a photosensing array;
discrete photosensing elements or sets of cells on ICs
with photosensing arrays could have different extents,
different colors, or different intensities. A "longitudinal se-
quence" of photosensing elements or other sensing ele-
ments, as used herein, is a sequence that extends in a
longitudinal direction as defined above; for example, in-
teractions occurring in each of a sequence of segments
of an object’s path could be sensed by a respective sens-
ing element in a longitudinal sequence.
[0094] In an example suggested by arrows 180 and
182, excitation circuitry 170 provides excitation light rep-
resented by arrow 180 and, in response, object 20 pro-
vides emanating light represented by arrow 182, which
is filtered in response to filter circuitry 174 and sensed
by photosensing elements 178. The emanating light
could result, for example, from fluorescence of a dye or
other "tag" attached to object 20 or from native fluores-
cence or autofluorescence of object 20 itself, e.g. due to
ultraviolet light or other excitation of intrinsic cell material
or other material in object 20; except as otherwise noted,
however, implementations described herein can addi-
tionally or alternatively employ chemofluorescence, bi-
ofluorescence, absorption, scattering, or other phenom-
ena that do not require concurrent excitation. More gen-
erally, excitation could take any appropriate form and is
not limited to illumination, and excitation and emanation
need not be concurrent or otherwise coincident, but could
have any appropriate relationship in space and time.
Some examples of excitation are described in copending
U.S. Patent Application No. 12/023,436, entitled "Provid-
ing Time Variation in Emanating Light" and incorporated
herein by reference in its entirety.
[0095] Excitation circuitry 170 could be implemented
to provide a pattern of excitation within the encod-
ing/sensing region. Filter circuitry 174 could similarly be
implemented to provide a filtering pattern that receives
light emanating from the encoding/sensing region, and
sensor circuitry 176 could be implemented to provide a
pattern with which interactions occur with objects in the
encoding/sensing regions. In each of these cases, the
circuitry could also include motion devices or other de-
vices that respond to control signals by causing relative
motion between objects in the encoding/sensing region
and the pattern, and this relative motion could be nonu-
niform such as in one of the ways described herein, so
that the objects have nonuniform relative motion.
[0096] On the other hand, encoder/sensor 160 may
not include all types of circuitry shown in Fig. 4 in other
implementations. For example, in some exemplary im-
plementations, sensor circuitry 176 includes only an im-
pedance-based sensing device with electrodes, Hall ef-
fect sensors, inductors, or other components in an ap-

propriate pattern to provide encoded sensing results
when interacting with an object. In such implementations,
operations of excitation circuitry 170 and filter circuitry
174 would ordinarily not affect sensing results, and dis-
placement circuitry 172 might also be ineffective in en-
coding information. In such implementations, one way to
encode sensing results with information about an object’s
relative motion is to provide control signals through line
184 to fluidic or other relative motion devices, so that the
relative motion itself varies in a way that encodes infor-
mation. Another approach in such implementations and
in certain other implementations is to operate processing
circuitry to obtain data from the sensing results; this ap-
proach may be appropriate in general where the sensing
results are available for sampling and analog-to-digital
conversion continuously or almost continuously, making
it possible for the processing circuitry to obtain data in-
dicating a time-varying waveform indicating information
resulting from the relative motion.
[0097] As a result of the controlled operation of one or
both of encoder/sensor 160 and relative motion devices
(not shown), sensor circuitry 176 provides sensing re-
sults indicating one or more time-varying waveforms with
information resulting from relative motion of object 20
within the encoding/sensing region, as shown in box 164.
More specifically, if photosensing elements 178 include
a longitudinal sequence, photosensing results from the
sequence could be combined to provide sensing results
indicating a time-varying waveform with information re-
sulting from the relative motion.
[0098] Fig. 5 illustrates system 200, an exemplary sys-
tem that could implement components as in system 10
in Fig. 1. Although system 200 illustratively includes cen-
tral processing unit (CPU) 202 connected to various com-
ponents through bus 204, a wide variety of other archi-
tectures could be employed, including any appropriate
combination of hardware and software, as well as spe-
cialized hardware components such as application spe-
cific integrated circuits (ASICs) for one or more of the
illustrated components or in place of a software compo-
nent executed by CPU 202. Furthermore, CPU 202 could
be the CPU component of any suitable machine such as
a laptop or desktop computer, or could be a specialized
computer for system 200, and CPU 202 and other digital
components as shown could be replaced by other spe-
cialized circuitry, such as an analog signal processor; in
a relatively simple application, CPU 202 could be imple-
mented with a single digital signal processor or a CPU
of a laptop or other personal computer receiving time-
varying signals. On the other hand, in some applications,
it may prove advantageous to implement all signal
processing with analog circuitry, including operations
that compare time-varying waveforms and that obtain
their derivatives or other related waveforms, making it
possible to replace substantially all the digital compo-
nents as shown if appropriate.
[0099] System 200 also includes external input/output
(I/O) component 206 and memory 208, both connected
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to bus 204. External I/O 206 permits CPU 202 to com-
municate with devices outside of system 200.
[0100] Additional components connected to bus 204
are within or connected to system 200. In the illustrated
implementation of system 200, IC I/O 210 is a component
that permits CPU 202 to communicate with ICs such as
photosensing ICs; M ICs are illustrated in Fig. 6 by a
series extending from IC(0) 212 to IC (P-1) 214. ICs 212
through 214 illustratively include IC(p) 216 with a photo-
sensor array 218, which includes photosensing cells.
Similarly, device I/O 220 is a component permitting CPU
202 to communicate with various devices in system 200,
such as sensing and control devices; Q devices in system
200 are represented in Fig. 6 by device (0) 222 through
device (Q-1) 224. In addition to excitation circuitry, dis-
placement circuitry, and filter circuitry as described above
in relation to Fig. 2, devices 222 through 224 can include
relative motion devices, whether causing fluidic,
scanned, rotating, or other relative motion or displace-
ment; for example, devices 222 through 224 could in-
clude fluidic devices such as pumps, metering elec-
trodes, smart gates, and other devices for gating and
bifurcating, valves, flow or pressure sensors, and so
forth. Such fluidic devices could be implemented in var-
ious ways; smart gates, for example, could be implement-
ed with MEMS style microgates or by using electromag-
netic forces, which are effective because most particles
are charged such that an electric field can be used to
direct them as desired in a channel.
[0101] Memory 208 illustratively includes program
memory 230, although instructions for execution by CPU
202 could be provided in various other forms of software
or hardware, on or off of CPU 202. The routines stored
in program memory 230 illustratively include nonuniform
relative motion routine 240; sensing results routine 242;
and object distinguishing routine 244. In addition, pro-
gram memory 230 can also store a number of subroutines
(not shown) that CPU 202 can call in executing routines
240, 242, and 244.
[0102] CPU 202 executes nonuniform relative motion
routine 240 to operate components of system 200 so that
they cause nonuniform relative motion in one or more
sensing regions, such as encoding/sensing regions in an
implementation along lines described in relation to Fig.
4. In doing so, routine 240 can receive input signals from
and provide output signals to devices 222 through 224.
For example, to cause appropriate nonuniform relative
motion of objects in a fluidic implementation, CPU 202
can receive signals from sensors, perform computations
to determine what fluidic and displacement operations
are necessary, and then provide signals to activate
pumps, metering electrodes, gates, valves, and motion
devices or other displacement devices to cause appro-
priate nonuniform relative motion between objects and
other components of system 200. Exemplary implemen-
tations described below illustrate several examples of
how routine 240 could be implemented.
[0103] CPU 202 executes sensing results routine 242

to operate components of system 200 to obtain sensing
results and/or data that indicate time-varying waveforms
with information resulting from nonuniform relative mo-
tion and, if appropriate, from other causes of encoding.
In order to do so in an implementation in which objects
emanate light, CPU 202 can, for example, perform com-
putations to determine what control signals to provide to
excitation components, filter components, sensing com-
ponents, or other components or devices in order to per-
form appropriate encoding in emanating light in addition
to encoding that results from nonuniform relative motion
caused by execution of routine 240.
[0104] In one possible application of system 200, CPU
202 also executes object distinguishing routine 244, such
as to obtain data indicating an object’s type or other char-
acteristic or, in some applications, to control an operation
that selects objects, rejects objects, obtains further infor-
mation about objects, and so forth. An example of how
object distinguishing routine 244 could be implemented
is described, for example, in co-pending U.S. Patent Ap-
plication No. 12/022,485, entitled "Obtaining Information
from Time Variation of Sensing Results" and incorporat-
ed herein by reference in its entirety. Techniques as de-
scribed herein could be used, however, in various other
applications that gather various types of information re-
sulting from relative motion of objects within encod-
ing/sensing regions.
[0105] Several examples of techniques that can be
performed by sensing results routine 242 are described
below in relation to exemplary implementations. Fig. 6
illustrates general operations that can be performed by
CPU 202 in executing sensing results routine 242. In
some implementations, a suitable subset of the opera-
tions illustrated in Fig. 6 might be performed, and it might
also be possible to perform similar operations without a
separate CPU or other processor.
[0106] The operations in Fig. 6 begin in box 260, in
which CPU 202 receives or otherwise obtains a call to
obtain data from sensing results encoded with informa-
tion from nonuniform relative motion caused by routine
240. In response, CPU 202 could prepare to obtain sens-
ing results, such as by providing readout control signals
to one or more of ICs 212 through 214 or by monitoring
output from impedance-based sensors or other sensors
that provide sensed quantities continuously, whether in
analog or digital form.
[0107] In reading out photosensed quantities, for ex-
ample, CPU 202 can perform pre-sensing readout, obtain
object information and sensing periods, perform sensing
readout with sensing periods and analog adjustment, dig-
itally adjust sensing results and store quantities for an
object, and combine the quantities for an object to pro-
duce its characteristic data. CPU 202 could, for example,
call a subroutine implemented as described in U.S. Pat-
ent No. 7,358,476, entitled "Sensing Photons from Ob-
jects in Channels", and 2007/0146704, entitled "Sensing
Photon Energies Emanating from Channels or Moving
Objects", each of which is incorporated herein by refer-

27 28 



EP 2 085 758 B1

16

5

10

15

20

25

30

35

40

45

50

55

ence in its entirety. Such a subroutine can be implement-
ed for single objects moving past arrays or for spaced
multiple objects moving past arrays, provided spacings
between objects are sufficient to avoid having more than
one object in a sensing region or other kinds of interfer-
ence. Also, such a subroutine can follow a general strat-
egy of performing a series of readout operations, after
which information for an object is combined and its char-
acteristic data is provided, although it would also be pos-
sible to provide the information from each readout oper-
ation immediately.
[0108] In any case, CPU 202 can then make certain
modifications in its sensing operations in order to obtain
motion-affected sensing results and/or data. One type of
modification is illustrated by the operation in box 262, in
which CPU 202 provides control signals that cause en-
coding/sensing and/or relative motion such that the sens-
ing results are encoded to indicate time-varying wave-
forms with information resulting from nonuniform relative
motion. After the operation in box 262, CPU 202 begins
to obtain encoded sensing results, in accordance with
the control signals provided in box 262, as illustrated by
box 264.
[0109] In the implementation in Fig. 6, operations of
CPU 202 in box 266 then use encoded sensing results
obtained by operations in box 264 to obtain motion-af-
fected data. CPU 202 can, for example, implement the
operation in box 266 by obtaining data from the encoded
sensing results in a way that preserves information re-
sulting from relative motion. In other implementations,
CPU 202 could obtain motion-affected data in other ways
that do not require control signals as in box 262, such as
with impedance-based sensing; in these cases, the sens-
ing results might, for example, be inherently encoded
without the need for control signals as in box 262, so that
CPU 202 can obtain data in a way that preserves the
inherently encoded information resulting from nonuni-
form relative motion without providing control signals as
such.
[0110] After the operations in Fig. 6 have obtained mo-
tion-affected sensing results and/or data, CPU 202 can
return and await another call in box 260, as suggested
by the arrow from box 266 returning to box 260. In more
sophisticated implementations, CPU 202 could perform
operations similar to those in Fig. 6 concurrently for sev-
eral different sensors.
[0111] Fig. 7 illustrates an application of a system as
in Figs. 5 and 6 in analyzer 300 on support structure 302,
a fluidic structure. Defined in support structure 302 is
serpentine channel 304 through which object 306 can
have relative motion, carried by fluid such as liquid, gas,
or aerosol or moved in some other appropriate way. Ob-
ject 306 can, for example, be a biological cell or another
object of any of the types mentioned above.
[0112] The manner in which object 306 enters channel
304 and is carried by fluid can be the same as described
in U.S. Patent No. 7,358,476, entitled "Sensing Photons
from Objects in Channels", and 2007/0146704, entitled

"Sensing Photon Energies Emanating from Channels or
Moving Objects", each of which is incorporated herein
by reference in its entirety. As explained there, object
306 can be carried through channel 304 by operation of
propulsion components and can be purged or otherwise
caused to exit, together with fluid that is carrying it, from
one of several outlets, such as through toggling of valves.
While in channel 304, object 306 can have relative motion
within interaction regions relative to a series of object
interaction components, each of which can obtain infor-
mation about object 306.
[0113] The first two interaction components after ob-
ject 306 enters channel 304 are illustratively Coulter
counter 310, an electrically based particle size detector,
and Mie scatter sensor 312, also a particle size detector.
Information about size of object 306 from Coulter counter
310 and Mie scatter sensor 312 can be used in obtaining
information about its other characteristics. Various other
techniques could also be used to obtain particle size in-
formation, including techniques that use chirped filter pat-
terns, random filter patterns with small feature size, stair-
case periodic filter patterns, and so forth, and such tech-
niques could make it unnecessary to use specialized
components to determine particle size.
[0114] The next interaction component along channel
304 is object interaction component 320, shown sche-
matically in a cross-sectional view along an axis similar
to the x OR t axis in Fig. 3, although it would typically be
implemented instead with components above and below
channel 304, similarly to other object interaction compo-
nents described below. The schematic illustration of com-
ponent 320 illustratively includes excitation/displace-
ment component 322, filter component 324, and sensing
component 326, all of which might be implemented in a
variety of ways, including some of those described above
and below; one or more of components 322, 324, and
326 could be omitted or replaced in specific implemen-
tations. In addition, component 320 could include a dis-
placement control arrangement with shaped boundaries
and/or a motion device or other displacement component
(not shown) implemented in one of the ways described
above or below.
[0115] After passing through component 320, object
306 could be characterized without obtaining further in-
formation, or, as in the illustrated implementation, object
306 can continue through subsequent object interaction
components, illustratively including components 330,
332, and 334. These could, for example, include first and
second fluorescence sensing components and a Raman
scatter sensing component. Information obtained from
any combination of the object interaction components
can be used to distinguish between types of objects, such
as different types of biological cells, or to distinguish ob-
jects from environment or background. Based on such a
distinction, valve 340 at a bifurcation junction can be tog-
gled between two positions, with object 306 exiting as
indicating by arrow 342 if valve 340 is in one position and
exiting as indicated by arrow 344 if valve 340 is in another
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position.
[0116] The fluidic implementation in Fig. 7 is merely
illustrative of a wide variety of implementations of the
techniques described herein. For example, any appro-
priate fluidic or nonfluidic techniques could be used with
a wide variety of different types of objects and various
types of nonuniform relative motion to obtain various
types of motion-affected sensing results or data.
[0117] Figs. 8-11 illustrate examples in which laminar
flow can produce nonuniform displacement or other non-
uniform relative motion, as a result of shaped boundaries
and/or motion devices in channel motion mechanisms
as described above in general terms in relation to Fig. 3.
Implementations as in Figs. 8-11 could be included in
object interaction component 320 in Fig. 7 or in other
encoding/sensing components.
[0118] Fig. 8 shows a cross section of component 400,
taken along a line similar to that of object interaction com-
ponent 320 in Fig. 7. Component 400 provides an exam-
ple of shaped boundaries, with wall-like parts 410 and
412 having linearly decreasing distance between them.
As a result, as object 414 passes through interdigitated
two-color pattern 416 in response to longitudinal flow of
fluid carrying it, its velocity increases linearly as indicated
by curve 420, either as a function of position or of time.
Therefore, rather than a periodic time-varying signal as
would be provided if object 414 had uniform relative mo-
tion, the resulting time-varying signal is chirped, meaning
that its periods decrease linearly due to chirp-varying rel-
ative motion of object 414 resulting from change in flow
speed of fluid in the channel as channel dimensions
change.
[0119] Pattern 416 could be provided in any appropri-
ate way. For example, its regions could be excitation re-
gions as described in co-pending U.S. Patent Application
No. 12/023,436, entitled "Producing Time Variation in
Emanating Light" and incorporated herein by reference;
filter elements as described in copending U.S. Patent
Application No. 12/024,490, entitled "Transmitting/Re-
flecting Emanating Light with Time Variation" and incor-
porated herein by reference; or other types of regions
such as discrete photosensing elements or parts of a
photosensing array. If implemented as filter elements,
photosensing elements, or parts of a photosensing array,
the regions could be surrounded as appropriate by block-
ing regions (not shown); blocking regions and other tech-
niques used in sensing arrangements are described in
more detail in copending U.S. Patent Application No.
12/AAA,AAA (Attorney Docket No. 20071070Q-US-
NP/U1047/069), entitled "Obtaining Sensing Results In-
dicating Time-Variation" and incorporated herein by ref-
erence in its entirety.
[0120] Curve 422 illustrates the resulting sensing re-
sults, i.e. a chirped signal that has alternating intensities
I(A) and I(B). As can be seen, the duration of the signal
during each successive region of pattern 416 is shorter
than the preceding region, resulting in the chirped pat-
tern. For the sake of illustration, the linear decrease in

transition time is exaggerated in curve 422 in comparison
to the narrowing of the channel.
[0121] The technique in Fig. 8 is only one of a variety
of ways of causing chirp-varying relative motion, and var-
ious other techniques could be used. Also, more complex
flow speed distributions could be obtained by modifying
the channel walls in other ways or by providing devices
that change the flow speed or flow pattern within the
channel, any of which would produce more complex non-
uniform relative motion. In addition, multicolor interdigi-
tated interference patterns could be used, or excitation
patterns could be created with holographic techniques.
[0122] The cross section of component 430 in Fig. 9
illustrates, on the other hand, how relatively simple non-
uniform relative motion could be caused using more com-
plicated techniques. In general, such techniques assume
that geometry of a channel directs flow of object 414 in
a defined manner, such as with periodically varying,
chirp-varying, or randomly varying relative motion,
through a sequence of excitation regions. If, for example,
laminar flow is maintained through an excitation pattern,
as described above, excitation regions would remain un-
disturbed by channel walls, and can therefore remain ho-
mogeneous. More generally, such techniques allow re-
direction of particle flow through a simpler patterned en-
vironment, and may be advantageous in cases where it
is easier to redirect particle flow to obtain sensing results
with desired time-variation than it would be to produce a
patterned environment to produce the same time varia-
tion; for example, it might be easier to change channel
wall shapes than to produce a desired excitation source.
In other cases, on the other hand, it might be advanta-
geous to obtain more abrupt or rapid signal transitions
with a well-defined patterned environment. In addition to
the techniques described below, which involve shaping
or moving walls, an object’s nonuniform relative motion
within a channel could also be caused by other tech-
niques; an electrically charged object such as a particle,
for example, could be redirected by electrical field vari-
ations. In general, however, the Reynolds numbers in
typical microfluidic and nanofluidic implementations are
so small that laminar flow conditions are, as a practical
matter, always present.
[0123] In the example in Fig. 9, wall-like parts 440 and
442 are parallel, but each of them is shaped like a sinu-
soidal wave, resulting in a sinusoidal flow pattern in the
channel between them that causes periodically varying
relative motion along a sinusoidal path. Regions 444 and
446 are homogeneous of two different colors or gray lev-
els, illustratively labeled "A" and "B". For example, re-
gions 444 and 446 could be stripe-like excitation regions
as described in co-pending U.S. Patent Application No.
12/023,436, entitled "Producing Time Variation in Ema-
nating Light" and incorporated herein by reference;
stripe-like filter elements as described in co-pending U.S.
Patent Application No. 12/024,490, entitled "Transmit-
ting/Reflecting Emanating Light with Time Variation" and
incorporated herein by reference; or other types of re-
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gions such as discrete photosensing elements or parts
of a photosensing array. If implemented as filter ele-
ments, photosensing elements, or parts of a photosens-
ing array, the regions could be separated and surrounded
as appropriate by blocking regions (not shown).
[0124] As object 414 follows sinusoidal path 450, it
moves back and forth between regions 444 and 446,
passing through a small gap between them twice during
each period. Curves 460 and 462 illustrate exemplary
sensing results, i.e. time-varying signals that could result
from an object traveling along path 450. Curve 460 illus-
trates an example of an object of a type that responds
strongly to or emanates strongly at color or gray level A
but responds only weakly to or emanates only weakly at
color or gray level B, while curve 462 illustrates an ex-
ample of an object of a type that responds strongly to or
emanates strongly at color or gray level B and responds
weakly to or emanates weakly at color or gray level A.
As a result, the curves are somewhat complementary,
although each curve goes to approximately 0 while path
450 is crossing the gap between regions 444 and 446.
[0125] The cross section of component 470 in Fig. 10
illustrates another way in which relatively simple nonu-
niform relative motion could be caused using more com-
plicated techniques, similar in ways to the exemplary im-
plementation of Fig. 9. In the example in Fig. 10, wall-
like parts 472 and 474 have inner surfaces that are par-
allel, but each of them is shaped with random variations,
resulting in a randomly varying flow pattern in the channel
between them that causes randomly varying relative mo-
tion along a path; the variety of possible random varia-
tions allows a broad scope of arbitrary sequences, al-
though design limitations would limit minimum feature
size and the abruptness with which changes could be
made. Regions 476 and 478 are homogeneous of two
different colors or gray levels, illustratively labeled "A"
and "B", as described above in relation to Fig. 9.
[0126] As object 414 follows randomly varying path
480, it moves back and forth between regions 476 and
478, passing through a small gap between them. Curves
490 and 492 illustrate exemplary sensing results, i.e.
time-varying signals that could result from an object
traveling along path 480. Curve 490 illustrates an exam-
ple of an object of a type that responds strongly to or
emanates strongly at color or gray level A but responds
only weakly to or emanates only weakly at color or gray
level B, while curve 492 illustrates an example of an ob-
ject of a type that responds strongly to or emanates
strongly at color or gray level B and responds weakly to
or emanates weakly at color or gray level A. As a result,
the curves are somewhat complementary, although each
curve goes to approximately 0 while path 480 is crossing
the gap between regions 476 and 478.
[0127] Fig. 11 illustrates component 500, in which mo-
tion-affected sensing results encode information about
nonuniform relative motion caused by providing control
signals to a motion device or other displacement circuitry.
In this exemplary implementation, wall-like parts 502 and

504 are substantially straight and parallel and without
some additional cause would therefore result in uniform
relative motion. Between parts 502 and 504 are longitu-
dinal regions 510 and 512, each extending in the longi-
tudinal direction across encoding/sensing region 514 and
which could therefore be implemented in any of the ways
described above for regions 444 and 446 (Fig. 9).
[0128] Motion device 520, which could be an electri-
cally controlled device such as a solenoid or motor-driven
piston, causes lateral relative motion between object 414
and regions 510 and 512, as indicated by bidirectional
arrow 522. Control circuitry 524 provides signals to con-
trol operation of motion device 520, illustratively in re-
sponse to trigger signals from a trigger detector (not
shown). The nonuniform relative motion caused by op-
eration of motion device 520 need not be periodic, but
could have any appropriate type of speed/direction var-
iation, resulting in sensing results that can include arbi-
trary time-varying signals with features indicating differ-
ent types of objects. An alternative way to produce rela-
tive motion would be to move the light sources or other
components that control positions of regions 510 and
512; more generally, any combination of relative motions
between walls 502 and 504 on the one hand and regions
510 and 512 on the other could produce movement as
indicated by bidirectional arrow 522. Furthermore, addi-
tional speed/direction variations could be produced by
changing fluid flow within the channel so that the speed
or other displacement of object 414 changes as a function
of time relative to the other movements.
[0129] Curve 530 illustrates movement of object 414
in the y-direction between region 510, labeled "Band A",
and region 512, labeled "Band B". As illustrated, object
414 spends different lengths of time in each region and
can spend a random amount of time in each region, an
example of randomly varying relative motion. Curves 532
and 534 illustrate exemplary sensing results, i.e. time-
varying signals that could be obtained by the technique
of Fig. 11 if regions 510 and 512 provide excitation, fil-
tering, or sensing in Band A and Band B, respectively.
One type of object responds more strongly to or ema-
nates more strongly at color A in region 510, as illustrated
by curve 532, while the other responds more strongly to
or emanates more strongly at color B in region 512, as
illustrated by curve 534. As each object’s relative motion
takes it between regions 510 and 512, it passes through
the gap between the regions, resulting in a brief interrup-
tion of excitation or sensing, so that each curve goes
briefly to 0. In curve 532, the intensity in region 510 is
I(A1), while the intensity in region 512 is I(B1), a lower
value. Conversely, curve 534 illustrates that the intensity
is higher in region 512, at intensity I(B2), and lower in
region 510, at intensity I(A2). The two curves are, in gen-
eral, complementary, except for times when they are
passing through the gap between regions 510 and 512;
object 414 can be moved instantaneously between Band
A and Band B, moving very quickly across the gap be-
tween regions 510 and 512, so that the times in which it
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is passing through the gap are very brief.
[0130] As indicated above, nonuniform relative motion
techniques are not limited to implementations in which
relative motion in fluidic structures is caused by fluidic
devices, but could be used with other types of relative
motion, including relative motion caused by non-fluidic
devices and in non-fluidic structures. Figs. 12-14 illus-
trate examples in which non-fluidic devices produce non-
uniform relative motion, such as modulated relative mo-
tion as described above. In general, the techniques in
Figs. 12-14 can be implemented in various ways, includ-
ing, in some cases, certain features shown and described
in U.S. Patent No. 7,420,677, incorporated herein by ref-
erence in its entirety.
[0131] The implementations illustrated in Figs. 12-14
allow nonuniform relative motion between two compo-
nents, one of which includes a support structure on which
one or more objects are supported and the other of which
includes an object interaction unit with a trigger detector
and an encoder/sensor. In the illustrated examples, both
of these components can be moved by a device in re-
sponse to control signals, but the techniques described
could be implemented with systems in which one of the
components is stationary and only the other one is moved
by the device in response to control signals. Furthermore,
the illustrated implementations could be operated in this
manner simply by holding one component stationary, al-
though this would reduce the possible range of relative
motion in some cases.
[0132] In contrast to an encoder/sensor, a "trigger de-
tector", which may sometimes be referred to as a "trigger
detecting component" or a "trigger detecting device", is
a sensor that responds to a detected condition or event
by providing a signal indicating the condition or event’s
detection, typically referred to herein as a "trigger signal".
For example, a trigger detector could provide a trigger
signal when it detects a distinguishable object in a par-
ticular region. A trigger detector can be a discrete com-
ponent or device, or it could be provided by operations
that read out a trigger part of a photosensing array or in
another appropriate way. Features of implementations
with trigger detectors are described in greater detail in
co-pending U.S. Patent Application No. 12/BBB,BBB (At-
torney Docket No. 20071678Q-US-NP/U1047/070), en-
titled "Obtaining Sensing Results and/or Data in Re-
sponse to Object Detection" and incorporated by refer-
ence herein in its entirety; as noted above, however, use
of trigger detectors are not in general required herein,
and implementations similar to those in Figs. 12-14 could
omit trigger detectors.
[0133] In the implementations in Figs. 12-14, the sup-
port structure could take any suitable form, such as a
slide on which objects are positioned, a bed or disk on
which objects are positioned, or even a fluidic device with
one or more channels within which objects are immobi-
lized, such as by binding to particles within a gel, or are
moving slowly relative to the nonuniform relative motion
caused by device operations; the support structure could

also include, for example, a pair of slides with objects
positioned between them such as in sputum or other liq-
uid, a capillary tube containing objects, a biochip, an array
of wells, a well plate, and so forth, any of which could be
positioned on another part of the support structure such
as a scanner bed or rotating disk. The object interaction
units could similarly be implemented in a wide variety of
ways with various types of trigger detectors and encod-
er/sensors positioned relative to each other in various
ways or, where appropriate, without a trigger detector or
with another type of sensor; the detection and sensing
could make use of any suitable type of interaction, in-
cluding optical sensing of light emanating from objects,
impedance-based sensing such as with electrodes or
Hall effect devices, or even possibly piezoelectric or other
pressure-based sensing of acoustic signals emanating
from objects. Furthermore, the encoder/sensor can in-
clude any suitable combination of circuitry, including cir-
cuitry to control, for example, excitation, filtering, and
sensing; in optical implementations, an object interaction
unit could include an IC with an array of photosensing
cells, operated with one or more trigger parts that serve
as trigger detectors and one or more pattern parts that
serve as encoder/sensors.
[0134] System 930 in Fig. 12 includes scanner device
932 with support components 934 and 936. Support
structure 940 is mounted on support component 934, and
it supports a number of distinguishable objects 942. Ob-
ject interaction unit 944 is mounted on support compo-
nent 936, and it includes at least one trigger detector 946
and at least one encoder/sensor 948. As illustrated by
the two complementary sets of x-, y-, and z-axes for one
of objects 942 and for object interaction unit 944, any
specified relative motion between support structure 940
and object interaction unit 944 can be accomplished by
moving either or both of them such that the net result of
their movements is the specified nonuniform relative mo-
tion. The x-axis indicates a scanning direction in which
scanner device 932 can cause relate motion between
object interaction unit 944 and support structure 940 such
that a given object 942 can have relative motion into a
trigger detection region relative to trigger detector 946,
then from the trigger detection region into an encod-
ing/sensing region relative to encoder/sensor 948, and
then within the encoding/sensing region, resulting in mo-
tion-affected sensing results or data as described above.
The y-axis illustrates a direction of relative motion in
which the distance between support structure 940 and
object interaction unit 944 can remain constant, but dis-
placement can occur perpendicular to the scanning di-
rection. The z-axis illustrates a direction in which support
structure 940 and object interaction unit 944 can move
closer to or farther away from each other.
[0135] In operation, scanner device 932 responds to
scan control signals, such as from CPU 202 through de-
vice control IO 220 (Fig. 5), by moving support structure
940 and/or object interaction unit 944 to produce relative
motion in the scanning direction; CPU 202 could, for ex-
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ample, provide the scan control signals while executing
nonuniform relative motion routine 240 (Fig. 5). Then,
when trigger detector 946 provides a trigger signal indi-
cating relative motion of one of objects 942 into its trigger
detection region, CPU 202 can provide trigger-respon-
sive displacement control signals to scanner device 932,
which responds with movement of one or both of support
structure 940 and object control unit 944 to cause dis-
placement while object 942 has relative motion within the
encoding/sensing region of encoder/sensor 948. Dis-
placement in any of the three directions indicated by the
x-, y-, z-axes can be used to obtain motion-affected sens-
ing results and/or data that indicate time-varying wave-
forms with information resulting from the relative motion
to which support structures 970 and 980 are stably at-
tached; for added precision, it might also be possible to
independently displace trigger detector 982 and encod-
er/sensor 984, such as in the z-direction. In particular,
displacement in any of the three indicated directions can
include one or more modulation cycles within the encod-
ing/sensing region, so that the scanning motion is a car-
rier component and the displacement includes modula-
tion cycles.
[0136] Figs. 13 and 14 show system 960 from a side
view and from a top view with partial cross section, re-
spectively. System 960 includes rotary device 962, a de-
vice that can produce rotating motion through one or both
of support components 964 and 966; rotary device 962
might, for example, be a miniaturized device such as a
MEMS or nanotechnology device. Support structure 970
is illustratively circular, supporting objects 972, but could
have any appropriate shape and in other respects could
be implemented similarly to support structure 940 in Fig.
12. Support structure 970, however, can rotate about axis
974 as indicated by bidirectional arrow 976. Object inter-
action unit 980, similarly to object interaction unit 944 in
Fig. 12, includes trigger detector (TD) 982 and encod-
er/sensor (E/S) 984. Object interaction unit 980 can also
illustratively rotate about axis 986, although that type of
relative motion is not employed in the particular technique
illustrated in Figs. 13 and 14. Various additional types of
motion are possible, such as independent height adjust-
ment in the z-direction for TD 982 and E/S 984.
[0137] Three dimensions of relative motion illustrated
in Figs. 13 and 14 include a θ-direction that is a direction
of rotation indicated by arrow 976 and that can be meas-
ured as an angle of rotation; an r-direction that can be
measured as a distance from an axis of rotation of support
structure 970 to object interaction unit 980; and a z-di-
rection that is the same as the z-direction in Fig. 12. For
example, while support structure 970 is rotating in the θ-
direction, an object 972 can have relative motion into the
trigger detection region of trigger detector 982, with the
rotating motion being produced by rotary device 962 in
response to rotation control signals, similar to the scan
control signals described above in relation to Fig. 12.
Then, in response to trigger-responsive displacement
control signals from CPU 202 (Fig. 5) as described above,

rotary device 962 can produce displacement in any of
the 8-, r-, and z-directions while object 972 has relative
motion within the encoding/sensing region of encod-
er/sensor 984. As indicated by the complementary r-axes
and z-axes on support structure 970 and on object inter-
action unit 980, rotary device 962 can produce displace-
ment in these two directions by moving one or both of
support components 964 and 966 to which support struc-
tures 970 and 980 are stably attached; for added preci-
sion, it might also be possible to independently displace
trigger detector 982 and encoder/sensor 984, such as in
the z-direction. As above, the resulting displacement can
provide motion-affected sensing results and/or data. In
particular, the displacement can include one or more
modulation cycles within the encoding/sensing region,
so that the rotating motion is a carrier component and
the displacement includes modulation cycles.
[0138] In the above-described implementations of
scanning device 932 and rotary device 962, information
is encoded as result of nonuniform relative motion
caused within encoding/sensing regions in response to
trigger signals, and the nonuniform relative motion illus-
tratively includes displacement caused by trigger-re-
sponsive control signals. Encoding could instead, how-
ever, be performed without trigger-responsive displace-
ment, such as by providing continuous nonuniform rela-
tive motion. Also, nonuniform relative motion could pro-
duce sensing results that are also encoded in response
to control signals to one or more of excitation, filter, or
sensing circuitry within encoder/sensors 948 and 984.
Furthermore, various other modifications could be made
in the above-described techniques to obtain motion-af-
fected sensing results and/or data.
[0139] Implementations as described above in rotation
to Figs. 1-14 could be advantageously applied in a wide
variety of sensing applications, possibly including, for ex-
ample, fluorescence- or impedance-based flow cytome-
try or other biodetector applications that seek a signature
of a particle of unknown velocity; such biodetectors often
use microfluidic channels with inhomogeneous flow pro-
files, causing variation in particle velocity. The techniques
can be used to count or obtain ratios between fluorescing
objects of different types, such as different types of
tagged cells, particles, tagged DNA, and so forth. In such
an application, calibration can be performed using known
objects, e.g. tagged beads, with known velocities to ob-
tain template waveforms that include deviations caused
by fabrication tolerances but can then be compared with
sensed waveforms to obtain information about unknown
objects.
[0140] Implementations described above may be ad-
vantageous in biodetector applications that require com-
pact, low-cost components without critical optics and with
high sensing efficiency. Such applications might include
point-of-care flow cytometry (such as with an integrated
flow cytometer), DNA analysis, proteomics, and so forth.
[0141] Also, implementations described above could
be applied in scanning of bio-chips or documents where
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objects have different emanation spectra, and so forth.
The techniques may also be applicable in various low
S/N ratio systems in which a known signal is bounced off
an object traveling at an unknown velocity, such as where
object velocity is on the order of signal propagation ve-
locity, as in SONAR. The techniques may be especially
advantageous where precise information about position,
speed, or type of objects is sought.
[0142] Some of the implementations described above
in relation to Figs. 1-14 are examples of a system that
includes a sensor and a relative motion component. The
sensor, in operation, obtains sensing results from objects
in a sensing region relative to the sensor. In operation,
the relative motion component causes respective relative
motion of each of a subset of the objects, and each object
in the subset has respective relative motion within the
sensing region. The relative motion component causes
at least one object’s relative motion within the sensing
region to be nonuniform, with the nonuniform motion in-
cluding at least one of periodically varying relative mo-
tion, randomly varying relative motion, chirp-varying rel-
ative motion, and modulated relative motion that com-
pletes at least one modulation cycle within the sensing
region.
[0143] In specific implementations, the sensing results
can include motion-encoded information resulting from
the nonuniform relative motion; the sensing results can
include independently encoded information resulting
from encoding performed by the sensor independently
of the nonuniform relative motion; and/or the sensing re-
sults can indicate at least one waveform with time vari-
ation resulting from the nonuniform relative motion. For
example, the sensor can perform encoding independent-
ly of the nonuniform relative motion, and the sensing re-
sults can include independently encoded information re-
sulting from the encoding performed by the sensor inde-
pendently of the nonuniform relative motion. The sensor
can, for example, include at least one of excitation cir-
cuitry that, in operation, provides time-varying excitation
to objects in the sensing region; filter circuitry that, in
operation, provides time-varying filtering of light emanat-
ing from objects in the sensing region; and sensor cir-
cuitry that, in operation, provides sensing results that in-
dicate one or more waveforms with time variation result-
ing both from the nonuniform relative motion and from
encoding performed independently of the nonuniform rel-
ative motion.
[0144] In further specific implementations, the sensor
can include at least one of an excitation component that
provides a pattern of excitation in the sensing region; a
filter component that filters light emanating from objects
in the sensing region with a filtering pattern; and a sensing
component that performs sensing by interacting with ob-
jects in the sensing region with a sensing pattern, and
that includes a photosensor and/or an impedance-based
sensor. In general, the sensor can include a photosensor
and/or an impedance-based sensor, and the sensor can
obtain the sensing results so that they indicate at least

one waveform with time variation resulting from the non-
uniform relative motion.
[0145] In further specific implementations, the relative
motion component can cause each object in the subset
to have respective relative motion into the sensing region
and respective relative motion out of the sensing region.
The relative motion component can include at least one
of a motion-varying mechanism that, in operation, causes
the nonuniform relative motion by varying one or both of
speed and direction of objects’ relative motion within the
sensing region; a fluidic motion mechanism that, in op-
eration, controls flow of fluid carrying objects within the
sensing region; a channel motion mechanism that, in op-
eration, controls movement of a channel that includes
the sensing region and through which objects are carried
by fluid; a support motion mechanism that, in operation,
controls movement of a structure supporting objects; a
sensor motion mechanism that, in operation, controls
movement of the sensor; and a pattern motion mecha-
nism that, in operation, controls movement of a pattern
relative to the sensing region. The pattern can be one of
a pattern of excitation in the sensing region; a filtering
pattern that receives light emanating from objects in the
sensing region; and a sensing pattern with which the sen-
sor interacts with objects in the sensing region.
[0146] In further specific implementations, the system
can also include a fluidic structure with a channel that
includes the sensing region and in which fluid carrying
objects in the subset can flow in a longitudinal direction.
The relative motion component can include both the flu-
idic motion mechanism and the channel motion mecha-
nism, with the fluidic motion mechanism controlling flow
of fluid in the longitudinal direction in the channel and the
channel motion mechanism controlling movement of the
channel in at least one lateral direction that is not parallel
to the longitudinal direction. Also, the relative motion
component can include a fluidic device that, in operation,
drives the fluid through the channel in the longitudinal
direction, causing objects in the subset to have respec-
tive longitudinal relative motion within the sensing region;
channel wall parts of the fluidic structure can have inner
surfaces bounding the sensing region and having shapes
that cause the nonuniform relative motion and/or the rel-
ative motion component can include a displacement
component that, in operation, causes time-varying rela-
tive displacement of objects within the sensing region,
the displacement being in lateral directions not parallel
to the longitudinal direction and causing the nonuniform
relative motion.
[0147] In further specific implementations, the system
can also include a movable support structure that can
support objects. The relative motion component can in-
clude the support motion mechanism, which can include
a scanner device that, in operation controls scanning
movement of the movable support structure in at least
one scanning direction and/or a rotary device that, in op-
eration, controls rotating movement of the movable sup-
port structure.
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[0148] In further specific implementations, the sensor
can be movable. The relative motion component can in-
clude the sensor motion mechanism, which can include
a scanner device that, in operation controls scanning
movement of the movable support structure in at least
one scanning direction and/or a rotary device that, in op-
eration, controls rotating movement of the sensor.
[0149] In further specific implementations, the system
can include a support structure capable of supporting
objects and the relative motion component can be capa-
ble of moving one or both of the support structure so that
an object supported on the support structure has respec-
tive relative motion within the sensing region. The system
can also include control circuitry that provides control sig-
nals to cause the nonuniform relative motion, and the
relative motion component can include a support motion
mechanism and/or a sensor motion mechanism. The
support motion mechanism can, in operation, control
movement of the support structure, with the control cir-
cuitry providing control signals to the support motion
mechanism causing the nonuniform relative motion. The
sensor motion mechanism can, in operation, control
movement of the sensor, with the control circuitry provid-
ing control signals to the sensor motion mechanism caus-
ing the nonuniform relative motion.
[0150] In further specific implementations, the system
can include a processing component that, in response
to sensing results, performs operations to obtain data
indicating information resulting from the nonuniform rel-
ative motion within the sensing region. An encoder/sen-
sor device can include the system, and can also include
circuitry that provides control signals in response to which
the relative motion component causes the nonuniform
relative motion; the circuitry can also receive signals that
indicate the sensing component’s sensing results. The
circuitry can include a processor that provides the control
signals and that, in response to the sensing results, per-
forms operations to obtain data indicating information re-
sulting from the nonuniform relative motion within the
sensing region.
[0151] Some of the implementations described above
in relation to Figs. 1-14 are examples of a method of
using sensors. The method includes operating a sensor
to obtain sensing results from objects in a sensing region
relative to the sensor. In operating the sensor, the method
causes respective relative motion of each of a subset of
the objects, and each object’s relative motion includes
respective relative motion within the sensing region. For
at least one object in the subset, the respective relative
motion within the sensing region is nonuniform, with the
nonuniform motion including at least one of periodically
varying relative motion, randomly varying relative motion,
chirp-varying relative motion, and modulated relative mo-
tion that completes at least one modulation cycle within
the sensing region.
[0152] In specific implementations, the act of operating
the sensor can include operating it so that the sensing
results indicate at least one waveform with time variation

resulting from the nonuniform relative motion. The meth-
od can also use the sensing results to obtain data indi-
cating information resulting from the nonuniform relative
motion. Each object’s relative motion can include respec-
tive relative motion into the sensing region and respective
relative motion out of the sensing region. The act of caus-
ing respective relative motion can include varying speed
of objects, varying direction of objects, controlling flow of
fluid carrying objects, controlling movement of a channel
through which objects are carried by fluid, controlling
movement of a structure supporting objects, controlling
movement of the sensor, and/or controlling pattern move-
ment relative to the sensing region. The pattern whose
movement is controlled can be a pattern of excitation as
described above, a filtering pattern as described above,
and/or a sensing pattern as described above.
[0153] In further specific implementations, the sensor
can be an encoder/sensor and the act of causing respec-
tive relative motion can include controlling pattern move-
ment. The act of controlling pattern movement can in-
clude controlling an excitation component of the sensor,
where the excitation component provides the pattern of
excitation; controlling a filtering component of the sensor,
where the filtering component provides the filtering pat-
tern; and/or controlling a sensing component of the sen-
sor, where the sensing component provides the sensing
pattern.
[0154] In further specific implementations, the act of
causing relative motion can include causing fluid to carry
objects in a channel that includes the sensing region;
concurrently causing fluid to carry objects in a channel
that includes the sensing region and causing time-vary-
ing motion of the channel; and/or causing relative motion
modulation cycles between the sensor and a support
structure that supports objects, with the nonuniform rel-
ative motion within the sensing region resulting from at
least one relative motion modulation cycle. The channel
can have wall parts with inner surfaces that bound the
sensing region and that have shapes that cause the non-
uniform relative motion. The act of concurrently causing
fluid to carry objects and causing time-varying motion
can include causing channel motion modulation cycles
as objects are carried by fluid within the sensing region,
and the nonuniform relative motion within the sensing
region can result from at least one of the cycles. The act
of causing relative motion modulation cycles can include
causing carrier relative motion with uniform speed and
direction between support structure and sensor and also
causing modulating relative motion between sensor and
support structure, where the modulating relative motion
includes the relative motion modulation cycles. The car-
rier relative motion can be one of a scanning motion and
a rotating motion. The uniform direction of the carrier rel-
ative motion can be in a scanning direction, and the mod-
ulating relative motion can be in the scanning direction
and/or in a lateral direction that is not parallel to the scan-
ning direction. Or the uniform direction of the carrier rel-
ative motion can be in a rotation direction of approximate-
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ly constant curvature about an axis of rotation, and the
modulating relative motion can be in the rotation direc-
tion, a radial direction toward or from the axis of rotation,
and/or a lateral direction that is not parallel to a plane
that includes the rotation direction and the radial direc-
tion.
[0155] Some of the implementations described above
in relation to Figs. 1-14 are examples of an encoder/sen-
sor device that includes a sensing component, a relative
motion component, and circuitry. The sensing compo-
nent, in operation, obtains sensing results from objects
in a sensing region relative to the sensing component.
In operation, the relative motion component causes re-
spective relative motion of each of a subset of the objects,
and each object in the subset has respective relative mo-
tion within the sensing region. The relative motion com-
ponent causes at least one object’s relative motion within
the sensing region to be nonuniform. The circuitry pro-
vides control signals in response to which the relative
motion component causes the nonuniform relative mo-
tion; the circuitry also receives signals that indicate the
sensing component’s sensing results.
[0156] In specific implementations of encoder/sensor
devices, the nonuniform relative motion within the sens-
ing region can include at least one of periodically varying
relative motion, randomly varying relative motion, chirp-
varying relative motion, and modulated relative motion
that completes at least one modulation cycle within the
sensing region. The sensing results can include motion-
encoded information resulting from the nonuniform rela-
tive motion. The circuitry can also include a processor
as described above.
[0157] In further specific implementations, the encod-
er/sensor device can also include at least one of excita-
tion circuitry as described above and filter circuitry as
described above. The sensing component can include a
photosensor and/or an impedance-based sensor.
[0158] In further specific implementations, the encod-
er/sensor device can include at least one of an excitation
component as described above; a filter component as
described above; and sensor circuitry that performs
sensing by interacting with objects in the sensing region
with a sensing pattern. The relative motion can cause
the nonuniform relative motion between objects in the
subset and the pattern of excitation; the filtering pattern;
and/or the sensing pattern with which the sensor interacts
with objects in the sensing region.
[0159] In further specific implementations, the relative
motion component can include at least one of a fluidic
motion mechanism as described above; a channel mo-
tion mechanism as described above; and a support mo-
tion mechanism as described above.
[0160] In further specific implementations, the device
can also include a fluidic structure as described above.
The relative motion component can include both the flu-
idic motion mechanism and the channel motion mecha-
nism as described above.
[0161] In further specific implementations, the device

can also include a movable support structure as de-
scribed above. The relative motion component can in-
clude the support motion mechanism, which can include
a scanner device as described above and/or a rotary de-
vice as described above.
[0162] In further specific implementations, the sensing
component can include a movable sensor. The relative
motion component can include the sensor motion mech-
anism, which can include a scanner device as described
above and/or a rotary device as described above.
[0163] Some of the implementations described above
in relation to Figs. 1-14 are examples of an article of man-
ufacture that includes a fluidic structure and a fluidic de-
vice. The fluidic structure includes channel walls bound-
ing a channel through which, in operation, fluid carries
objects in a longitudinal direction; the channel includes
a set of one or more regions each of which, in operation,
is a sensing region relative to a respective sensor, and
each region’s sensor is capable of obtaining sensing re-
sults from objects in the region. The fluidic device, in op-
eration, drives fluid through the channel in the longitudi-
nal direction and causes objects to have respective lon-
gitudinal relative motion within each region. The article
also includes at least one of the following: Channel wall
parts with inner surfaces that bound a shaped-wall region
that is in the set, where the inner surfaces have shapes
that cause the respective relative motion of objects within
the shaped-wall region to be nonuniform; and a displace-
ment component that, in operation, causes time-varying
relative displacement of objects within a displacement
region in the set, with the relative displacement being in
lateral directions not parallel to the longitudinal direction
and causing at least one object’s relative motion within
the displacement region to be nonuniform.
[0164] In specific implementations that include the
channel wall parts, the inner surfaces can include a pair
of facing inner surfaces with varying separation from
each other and/or a pair of facing inner surfaces that have
periodic shapes of equal period and are parallel to each
other. The nonuniform relative motion can include peri-
odically varying relative motion, randomly varying rela-
tive motion, and/or chirp-varying relative motion.
[0165] In specific implementations that include the dis-
placement control component, the displacement control
component can include a channel motion mechanism
that, in operation, controls movement of a part of the
channel that includes the displacement region. Or the
displacement control component can include a wall mo-
tion device that, in response to control signals, causes
motion of movable wall parts that bound the displacement
region; in operation, control circuitry can provide control
signals to the wall motion device. The nonuniform relative
motion can include periodically varying relative motion,
randomly varying relative motion, chirp-varying relative
motion, and/or modulated relative motion that completes
at least one modulation cycle within the displacement
region.
[0166] In further specific implementations, the respec-
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tive sensor of at least one of the shaped-wall region and
the displacement region is an encoder/sensor that in-
cludes excitation circuitry as described above, filter cir-
cuitry as described above, and/or sensor circuitry that,
in operation, provides sensing results that indicate one
or more waveforms with time variation resulting both from
the nonuniform relative motion and from encoding per-
formed independently of the nonuniform relative motion.
The article can, for example, be a flow cytometer.
[0167] Some of the implementations described above
in relation to Figs. 1-14 are examples of an article of man-
ufacture that includes a support structure that, in use,
supports objects; a sensor; a relative motion component;
and control circuitry. The relative motion component, in
response to control signals, moves one or both of the
support structure and the sensor causing objects sup-
ported on the support structure to have respective rela-
tive motion within a sensing region relative to the sensor,
which is capable of obtaining sensing results from objects
in the sensing region. The relative motion component
includes a support motion mechanism that, in operation,
controls movement of the support structure and/or a sen-
sor motion mechanism that, in operation, controls move-
ment of the sensor. The control circuitry provides control
signals in response to which the relative motion compo-
nent causes at least one object’s relative motion within
the sensing region to be nonuniform.
[0168] In specific implementations, the nonuniform rel-
ative motion can include at least one of periodically var-
ying relative motion, randomly varying relative motion,
chirp-varying relative motion, and modulated relative mo-
tion that completes at least one modulation cycle within
the sensing region. The relative motion component can
include both the support motion mechanism and the sen-
sor motion mechanism, and can cause the nonuniform
relative motion by concurrently operating both. The sup-
port structure can be a slide on which objects are sup-
ported, a disk on which objects are supported, and/or a
fluidic structure that contains objects.
[0169] In further specific implementations, the article
includes a scanner device and/or a rotary device. The
scanner device can include a first support component
that supports the support structure, a second support
component that supports the sensor, and the relative mo-
tion component; the control signals can include scan con-
trol signals and displacement control signals; and the rel-
ative motion component can respond to the scan control
signals by causing scanning relative movement between
the support structure and the sensor and to the displace-
ment control signals by causing displacement relative
movement between them. The rotary device can include
a first support component that supports the support struc-
ture, a second support component that supports the sen-
sor, and the relative motion component; the control sig-
nals can include rotation control signals and displace-
ment control signals; and the relative motion component
can respond to the rotation control signals by causing
rotating relative movement between the support struc-

ture and the sensor and to the displacement control sig-
nals by causing displacement relative movement be-
tween them.
[0170] Exemplary implementations described above
employ photosensors or impedance-based sensors with
specific features, but a wide variety of sensors could be
used to obtain sensing results indicating values of various
parameters other than emanating light intensity, param-
eters that can have time variation that indicates informa-
tion resulting from nonuniform relative motion of objects
within sensing regions. Similarly, implementations de-
scribed above involve sensing information resulting from
nonuniform relative motion of objects in fluidic channels
or relative to a sensor such as in scanning or rotation,
but various other types of fluidic implementations or other
implementations in which objects have nonuniform rela-
tive motion in various other ways could be sensed to ob-
tain sensing results as in techniques described above.
[0171] Components of exemplary implementations as
described above could have various shapes, dimen-
sions, or other numerical or qualitative characteristics
other than those illustrated and described above. Simi-
larly, although the exemplary fluidic implementations
generally involve sensing from a single fluidic channel,
implementations could readily include multiple parallel
channels, allowing parallel sensing and readout and larg-
er scale sensing.
[0172] Some of the above exemplary implementations
involve specific types of trigger detectors, encoder/sen-
sors, relative motion components, control circuitry,
processing circuitry, and so forth, but the invention could
be implemented with a wide variety of other types of com-
ponents. For example, some implementations use spe-
cific types of spatial modulation based on nonuniform
relative motion caused by one or more specified motion
control mechanism, motion device, or displacement com-
ponent, but various other types of spatial modulation
could be used. Also, some exemplary implementations
use specific types of processing, such as digital signals
obtained after converting sensed analog values. In gen-
eral, however, the invention could be implemented with
any suitable signal processing techniques, including any
appropriate combination of analog and digital process-
ing; photosensed quantities could be combined either in
analog or digital form; either or both of two compared
waveforms could be obtained in analog or digital form,
and any combination of time scaling could be performed
before comparison. Further, some exemplary implemen-
tations use discrete, large area photosensors or imped-
ance-based sensors, but various ICs with photosensing
arrays might be used.
[0173] Some of the above exemplary implementations
involve specific types of emanating light, e.g. fluores-
cence, and specific types of excitation, filtering, and pho-
tosensing suitable to fluorescent light, but these are
merely exemplary. The invention could be implemented
in relation to various other types of emanating light with
various other types of excitation, filtering, and photosens-
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ing in various other ranges of photon energies or with
any other appropriate sensed stimuli.
[0174] The exemplary implementation in Fig. 5 em-
ploys a CPU, which could be a microprocessor or any
other appropriate component. Furthermore, as noted
above, operations could be performed digitally or with
analog signals, and could be done either on the same IC
as a photosensor array, on other components, or on a
combination of the two, with any appropriate combination
of software or hardware.
[0175] The above exemplary implementations gener-
ally involve use of encoder/sensors, relative motion com-
ponents, control circuitry, processing circuitry, and so
forth following particular operations, but different opera-
tions could be performed, the order of the operations
could be modified, and additional operations could be
added within the scope of the invention.

Claims

1. A system comprising:

a sensor that, in operation, is adapted to sense
results from objects in a sensing region relative
to the sensor; and
a relative motion component that, in operation,
is configured to cause respective relative motion
of each of a subset of the objects; the objects in
the subset each having respective relative mo-
tion within the sensing region; characterized by
the relative motion component being further
configured to cause at least one object’s relative
motion within the sensing region to be nonuni-
form, the nonuniform relative motion within the
sensing region including at least one of:

periodically varying relative motion;
randomly varying relative motion;
chirp-varying relative motion; and
modulated relative motion that completes
at least one modulation cycle within the
sensing region.

2. The system of claim 1 in which at least one of:

the sensing results include motion-encoded in-
formation resulting from the nonuniform relative
motion;
the sensing results include independently en-
coded information resulting from encoding per-
formed by the sensor independently of the non-
uniform relative motion; and
the sensing results indicate at least one wave-
form with time variation resulting from the non-
uniform relative motion.

3. The system of claim 1 in which the sensor includes

at least one of:

an excitation component that provides a pattern
of excitation in the sensing region;
a filter component that filters light emanating
from objects in the sensing region with a filtering
pattern; and
a sensing component that performs sensing by
interacting with objects in the sensing region
with a sensing pattern; the sensing component
including one or both of a photosensor and an
impedance-based sensor;
the nonuniform relative motion within the sens-
ing region including nonuniform relative motion
between objects in the subset and at least one
of:

the pattern of excitation;
the filtering pattern; and
the sensing pattern.

4. The system of claim 1 in which the relative motion
component includes at least one of:

a motion-varying mechanism that, in operation,
causes the nonuniform relative motion by vary-
ing one or both of speed and direction of objects’
relative motion within the sensing region;
a fluidic motion mechanism that, in operation,
controls flow of fluid carrying objects within the
sensing region;
a channel motion mechanism that, in operation,
controls movement of a channel that includes
the sensing region and through which objects
are carried by fluid;
a support motion mechanism that, in operation,
controls movement of a structure supporting ob-
jects;
a sensor motion mechanism that, in operation,
controls movement of the sensor; and
a pattern motion mechanism that, in operation,
controls movement of a pattern relative to the
sensing region, the pattern being one of:

a pattern of excitation in the sensing region;
a filtering pattern that receives light emanat-
ing from objects in the sensing region; and
a sensing pattern with which the sensor in-
teracts with objects in the sensing region.

5. The system of claim 4, further comprising:

a fluidic structure with a channel that includes
the sensing region and in which fluid carrying
objects in the subset can flow in a longitudinal
direction;
the relative motion component including both
the fluidic motion mechanism and the channel
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motion mechanism, the fluidic motion mecha-
nism controlling flow of fluid in the longitudinal
direction in the channel and the channel motion
mechanism controlling movement of the chan-
nel in at least one lateral direction that is not
parallel to the longitudinal direction.

6. The system of claim 4, further comprising:

a movable support structure that can support
objects; and
the relative motion component including the
support motion mechanism; the support motion
mechanism including at least one of:

a scanner device that, in operation, controls
scanning movement of the movable support
structure in at least one scanning direction;
and
a rotary device that, in operation, controls
rotating movement of the movable support
structure.

7. The system of claim 4 in which the sensor is movable,
the relative motion component including the sensor
motion mechanism; the sensor motion mechanism
including at least one of:

a scanner device that, in operation, controls
scanning movement of the sensor in at least one
scanning direction; and
a rotary device that, in operation, controls rotat-
ing movement of the sensor.

8. The system of claim 1, further comprising:

a fluidic structure with a channel that includes
the sensing region and in which fluid carrying
objects in the subset can flow in a longitudinal
direction;
the relative motion component including:

a fluidic device that, in operation, drives the
fluid through the channel in the longitudinal
direction, causing objects in the subset to
have respective longitudinal relative motion
within the sensing region;

in which at least one of:

the fluidic structure further includes channel
wall parts with inner surfaces that bound the
sensing region, the inner surfaces having
shapes that cause the nonuniform relative
motion; and
the relative motion component further in-
cludes a displacement component that, in
operation,

causes time-varying relative displacement
of objects within the sensing region, the rel-
ative displacement being in lateral direc-
tions that are not parallel to the longitudinal
direction and
causing the nonuniform relative motion.

9. The system of claim 1, further comprising:

a support structure capable of supporting ob-
jects; the relative motion component being ca-
pable of moving one or both of the support struc-
ture and the sensor so that an object supported
on the support structure has respective relative
motion within the sensing region; and
control circuitry that provides control signals to
cause the nonuniform relative motion;
the relative motion component including at least
one of:

a support motion mechanism that, in oper-
ation, controls movement of the support
structure; the control circuitry providing con-
trol signals to the support motion mecha-
nism causing the nonuniform relative mo-
tion; and
a sensor motion mechanism that, in opera-
tion, controls movement of the sensor; the
control circuitry providing control signals to
the sensor motion mechanism causing the
nonuniform relative motion.

10. An encoder/sensor device comprising the system of
claim 1; the device further comprising:

circuitry that provides control signals in re-
sponse to which the relative motion component
causes the nonuniform relative motion and that
receives signals that indicate the sensing com-
ponent’s sensing results.

11. The device of claim 10 in which the circuitry includes:

a processor that provides the control signals and
that, in response to the sensing results,
performs operations to obtain data indicating in-
formation resulting from the nonuniform relative
motion within the sensing region.

12. A method of using sensors, the method comprising:

operating a sensor to obtain sensing results from
objects in a sensing region relative to the sensor,
the act of operating the sensor comprising:

causing respective relative motion of each
of a subset of the objects by means of a
relative motion component, each object’s
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relative motion including respective relative
motion within the sensing region; the meth-
od being characterized in that for at least
one object in the subset, the respective rel-
ative motion within the sensing region being
nonuniform, the nonuniform relative motion
within the sensing region including at least
one of:

periodically varying relative motion;
randomly varying relative motion;
chirp-varying relative motion; and
modulated relative motion that com-
pletes at least one modulation cycle
within the sensing region.

13. The method of claim 12 in which the act of causing
respective relative motion includes at least one of:

varying speed of objects;
varying direction of objects;
controlling flow of fluid carrying objects;
controlling movement of a channel through
which objects are carried by fluid;
controlling movement of a structure supporting
objects;
controlling movement of the sensor; and
controlling pattern movement relative to the
sensing region of at least one of:

a pattern of excitation in the sensing region;
a filtering pattern that receives light emanat-
ing from objects in the sensing region; and
a sensing pattern with which the sensor in-
teracts with objects in the sensing region.

14. A system as claimed in claim 1 further comprising:

a fluidic structure that includes channel walls
bounding a channel through which, in operation,
fluid carries objects in a longitudinal direction;
the channel including a set of one or more re-
gions each of which, in operation, is a sensing
region relative to a respective sensor, each re-
gion’s sensor being capable of obtaining sens-
ing results from objects in the region; wherein
the relative motion component, in operation, is
adapted to drive fluid through the channel in the
longitudinal direction and to cause objects to
have respective longitudinal relative motion
within each region; and wherein
said relative motion component comprises at
least one of:

channel wall parts with inner surfaces that
bound a shaped-wall region that is in the
set, the inner surfaces having shapes that
are adapted to cause the respective relative

motion of objects within the shaped-wall re-
gion to be nonuniform; and
a displacement component that, in opera-
tion, is adapted to cause time-varying rela-
tive displacement of objects within a dis-
placement region in the set, the relative dis-
placement being in lateral directions that
are not parallel to the longitudinal direction
and causing at least one object’s relative
motion within the displacement region to be
nonuniform.

15. The system of clam 1 further comprising:

a support structure that, in use, is adapted to
support objects;
wherein the relative motion component is adapt-
ed, in response to control signals, to move one
or both of the support structure and the sensor
causing objects supported on the support struc-
ture to have respective relative motion within a
sensing region relative to the sensor; and
wherein
the relative motion component includes at least
one of:

a support motion mechanism that, in oper-
ation, is adapted to control movement of the
support structure; and
a sensor motion mechanism that, in opera-
tion, is adapted to control movement of the
sensor; and
control circuitry that is adapted to provide
control signals in response to which the rel-
ative motion component causes at least one
object’s relative motion within the sensing
region to be nonuniform.

Patentansprüche

1. System, umfassend:

einen Sensor, der im Betrieb ausgelegt ist zum
Erfassen von Ergebnissen von Objekten in ei-
nem Erfassungsbereich relativ zu dem Sensor;
und
eine Relativbewegungskomponente, die im Be-
trieb ausgestaltet ist zum Bewirken einer jewei-
ligen Relativbewegung eines jeden einer Teil-
menge der Objekte; wobei die Objekte in der
Teilmenge jeweils eine zugehörige Relativbe-
wegung innerhalb des Erfassungsbereiches
aufweisen,
dadurch gekennzeichnet, dass
die Relativbewegungskomponente des Weite-
ren ausgestaltet ist, um zu bewirken, dass die
Relativbewegung wenigstens eines Objektes
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innerhalb des Erfassungsbereiches ungleich-
mäßig ist, wobei die ungleichmäßige Relativbe-
wegung innerhalb des Erfassungsbereiches
wenigstens eines beinhaltet von:

einer periodisch veränderlichen Relativbe-
wegung;
einer zufällig veränderlichen Relativbewe-
gung;
einer zeitlich veränderlichen (chirp) Relativ-
bewegung; und
einer modulierten Relativbewegung, die
wenigstens einen Modulationszyklus inner-
halb des Erfassungsbereiches durchführt.

2. System nach Anspruch 1, wobei wenigstens eines
gilt von:

die Erfassungsergebnisse beinhalten bewe-
gungscodierte Information als Ergebnis der un-
gleichmäßigen Relativbewegung;
die Erfassungsergebnisse beinhalten unabhän-
gig codierte Information als Ergebnis einer Co-
dierung, die durch den Sensor unabhängig von
der ungleichmäßigen Relativbewegung durch-
geführt wird; und
die Erfassungsergebnisse geben wenigstens
eine Wellenform mit Zeitveränderung als Ergeb-
nis der ungleichmäßigen Relativbewegung an.

3. System nach Anspruch 1, wobei der Sensor wenigs-
tens eines beinhaltet von:

einer Anregungskomponente zum Bereitstellen
eines Anregungsmusters in dem Erfassungsbe-
reich;
einer Filterkomponente zum Filtern von Licht,
das von Objekten in dem Erfassungsbereich
ausgeht, mit einem Filtermuster; und
einer Erfassungskomponente zum Durchführen
einer Erfassung durch Interagieren mit Objekten
in dem Erfassungsbereich mit einem Erfas-
sungsmuster, wobei die Erfassungskomponen-
te einen Fotosensor und/oder einen impedanz-
basierten Sensor einschließt;
wobei die ungleichmäßige Relativbewegung in-
nerhalb des Erfassungsbereiches eine un-
gleichmäßige Relativbewegung zwischen Ob-
jekten in der Teilmenge und wenigstens einem
beinhaltet von:

dem Anregungsmuster;
dem Filtermuster; und
dem Erfassungsmuster.

4. System nach Anspruch 1, wobei die Relativbewe-
gungskomponente wenigstens eines beinhaltet von:

einem Bewegungsveränderungsmechanismus
zum im Betrieb erfolgenden Bewirken der un-
gleichmäßigen Relativbewegung durch Verän-
dern von einem oder beiden von einer Ge-
schwindigkeit und Richtung der Relativbewe-
gung von Objekten innerhalb des Erfassungs-
bereiches;
einem Fluidbewegungsmechanismus zum im
Betrieb erfolgenden Steuern einer Strömung
von Fluid zum Tragen von Objekten innerhalb
des Erfassungsbereiches;
einem Kanalbewegungsmechanismus zum im
Betrieb erfolgenden Steuern einer Bewegung
eines Kanals, der den Erfassungsbereich bein-
haltet und durch den Objekte durch Fluid getra-
gen werden;
einem Stützbewegungsmechanismus zum im
Betrieb erfolgenden Steuern einer Bewegung
einer Struktur zum Stützen von Objekten;
einem Sensorbewegungsmechanismus zum im
Betrieb erfolgenden Steuern einer Bewegung
des Sensors; und
einem Musterbewegungsmechanismus zum im
Betrieb erfolgenden Steuern einer Bewegung
eines Musters relativ zu dem Erfassungsbe-
reich, wobei das Muster eines ist von:

einem Anregungsmuster in dem Erfas-
sungsbereich;
einem Filtermuster zum Empfangen von
Licht, das von Objekten in dem Erfassungs-
bereich ausgeht; und
einem Erfassungsmuster, mit dem der Sen-
sor mit Objekten in dem Erfassungsbereich
interagiert.

5. System nach Anspruch 4, des Weiteren umfassend:

eine Fluidstruktur mit einem Kanal, der den Er-
fassungsbereich beinhaltet und in dem Fluid,
das Objekte der Teilmenge trägt, in einer Längs-
richtung fließen kann;
wobei die Relativbewegungskomponente so-
wohl den Fluidbewegungsmechanismus wie
auch den Kanalbewegungsmechanismus bein-
haltet, wobei der Fluidbewegungsmechanismus
eine Strömung von Fluid in der Längsrichtung
in dem Kanal steuert und der Kanalbewegungs-
mechanismus eine Bewegung des Kanals in
wenigstens einer seitlichen Richtung, die nicht
parallel zur Längsrichtung ist, steuert.

6. System nach Anspruch 4, des Weiteren umfassend:

eine bewegliche Stützstruktur, die Objekte stüt-
zen kann; und
wobei die Relativbewegungskomponente den
Stützbewegungsmechanismus beinhaltet, wo-
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bei der Stützbewegungsmechanismus wenigs-
tens eines beinhaltet von:

einer Abtastervorrichtung zum im Betrieb
erfolgenden Steuern einer Abtastbewe-
gung der beweglichen Stützstruktur in we-
nigstens einer Abtastrichtung; und
einer Drehvorrichtung zum im Betrieb erfol-
genden Steuern einer Drehbewegung der
beweglichen Stützstruktur.

7. System nach Anspruch 4, in welchem der Sensor
beweglich ist, wobei die Relativbewegungskompo-
nente den Sensorbewegungsmechanismus bein-
haltet und der Sensorbewegungsmechanismus we-
nigstens eines beinhaltet von:

einer Abtastervorrichtung zum im Betrieb erfol-
genden Steuern einer Abtastbewegung des
Sensors in wenigstens einer Abtastrichtung;
und
einer Drehvorrichtung zum im Betrieb erfolgen-
den Steuern einer Drehbewegung des Sensors.

8. System nach Anspruch 1, des Weiteren umfassend:

eine Fluidstruktur mit einem Kanal, der den Er-
fassungsbereich beinhaltet und in dem Fluid,
das Objekte der Teilmenge trägt, in einer Längs-
richtung fließen kann;
wobei die Relativbewegungskomponente bein-
haltet:

eine Fluidvorrichtung zum im Betrieb erfol-
genden Treiben des Fluides durch den Ka-
nal in der Längsrichtung, was bewirkt, dass
Objekte der Teilmenge eine jeweilige längs-
läufige Relativbewegung innerhalb des Er-
fassungsbereiches aufweisen;

wobei wenigstens eines gilt von:

die Fluidstruktur beinhaltet des Weiteren
Kanalwandteile mit inneren Oberflächen
zum Begrenzen des Erfassungsbereiches,
wobei die inneren Oberflächen Formen auf-
weisen, die die ungleichmäßige Relativbe-
wegung bewirken; und
die Relativbewegungskomponente bein-
haltet des Weiteren eine Versetzungskom-
ponente zum im Betrieb erfolgenden Bewir-
ken einer zeitveränderlichen Relativverset-
zung von Objekten innerhalb des Erfas-
sungsbereiches, wobei die Relativverset-
zung in seitlichen Richtungen, die nicht pa-
rallel zu der Längsrichtung sind, erfolgt und
die ungleichmäßige Relativbewegung be-
wirkt.

9. System nach Anspruch 1, des Weiteren umfassend:

eine Stützstruktur, die Objekte stützen kann,
wobei die Relativbewegungskomponente die
Stützstruktur und/oder den Sensor bewegen
kann, damit ein an der Stützstruktur gestütztes
Objekt eine jeweilige Relativbewegung inner-
halb des Erfassungsbereiches aufweist; und
eine Steuerschaltung zum Bereitstellen von
Steuersignalen zum Bewirken der ungleichmä-
ßigen Relativbewegung;
wobei die Relativbewegungskomponente we-
nigstens eines beinhaltet von:

einem Stützbewegungsmechanismus zum
im Betrieb erfolgenden Steuern einer Be-
wegung der Stützstruktur, wobei die Steu-
erschaltung Steuersignale für den Stützbe-
wegungsmechanismus zum Bewirken der
ungleichmäßigen Relativbewegung bereit-
stellt; und
einem Sensorbewegungsmechanismus
zum im Betrieb erfolgenden Steuern einer
Bewegung des Sensors, wobei die Steuer-
schaltung Steuersignale für den Sensorbe-
wegungsmechanismus zum Bewirken der
ungleichmäßigen Relativbewegung bereit-
stellt.

10. Codierer-/Sensorvorrichtung, umfassend das Sys-
tem nach Anspruch 1, wobei die Vorrichtung des
Weiteren umfasst:

eine Schaltung zum Bereitstellen von Steuersi-
gnalen, in Reaktion worauf die Relativbewe-
gungskomponente die ungleichmäßige Relativ-
bewegung bewirkt, und zum Empfangen von Si-
gnalen zum Angeben der Erfassungsergebnis-
se der Erfassungskomponente.

11. Vorrichtung nach Anspruch 10, wobei die Schaltung
beinhaltet:

einen Prozessor zum Bereitstellen der Steuer-
signale und zum in Reaktion auf die Erfassungs-
ergebnisse erfolgenden Durchführen von Ope-
rationen, um Daten zu ermitteln, die Information
als Ergebnis der ungleichmäßigen Relativbewe-
gung innerhalb des Erfassungsbereiches ange-
ben.

12. Verfahren zum Verwenden von Sensoren, wobei
das Verfahren umfasst:

Betreiben eines Sensors zum Ermitteln von Er-
fassungsergebnissen von Objekten in einem Er-
fassungsbereich relativ zu dem Sensor, wobei
der Vorgang des Betreibens des Sensors um-
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fasst:

Bewirken einer jeweiligen Relativbewe-
gung eines jeden einer Teilmenge der Ob-
jekte mittels einer Relativbewegungskomp-
onente, wobei die Relativbewegung eines
jeden Objektes eine entsprechende Rela-
tivbewegung innerhalb des Erfassungsbe-
reiches beinhaltet;
wobei das Verfahren durch gekennzeichnet
ist, dass
für wenigstens ein Objekt in der Teilmenge
die jeweilige Relativbewegung innerhalb
des Erfassungsbereiches ungleichmäßig
ist, wobei die ungleichmäßige Relativbewe-
gung innerhalb des Erfassungsbereiches
wenigstens eines beinhaltet von:

einer periodisch veränderlichen Rela-
tivbewegung;
einer zufälig veränderlichen Relativbe-
wegung;
einer zeitlich veränderliche (chirp) Re-
lativbewegung; und
einer modulierten Relativbewegung,
die wenigstens einen Modulationszyk-
lus innerhalb des Erfassungsbereiches
durchführt.

13. Verfahren nach Anspruch 12, wobei der Vorgang
des Bewirkens einer jeweiligen Relativbewegung
wenigstens eines beinhaltet von:

Verändern einer Geschwindigkeit von Objekten;
Verändern einer Richtung von Objekten;
Steuern einer Strömung von Fluid, das Objekte
trägt;
Steuern einer Bewegung eines Kanals, durch
den Objekte durch Fluid getragen werden;
Steuern einer Bewegung einer Struktur zum
Stützen von Objekten;
Steuern einer Bewegung des Sensors; und
Steuern einer Musterbewegung relativ zu dem
Erfassungsbereich von wenigstens einem von:

einem Anregungsmuster in dem Erfas-
sungsbereich;
einem Filtermuster zum Empfangen von
Licht, das von Objekten in dem Erfassungs-
bereich ausgeht; und
einem Erfassungsmuster, mit dem der Sen-
sor mit Objekten in dem Erfassungsbereich
interagiert.

14. System nach Anspruch 1, des Weiteren umfassend:

eine Fluidstruktur, die Kanalwände zum Be-
grenzen eines Kanals beinhaltet, durch den im

Betrieb Fluid Objekte in einer Längsrichtung
trägt; wobei der Kanal einen Satz eines oder
mehrerer Bereiche beinhaltet, von denen jeder
im Betrieb ein Erfassungsbereich relativ zu ei-
nem jeweiligen Sensor ist, wobei ein Sensor je-
des Bereiches Erfassungsergebnisse von Ob-
jekten in dem Bereich ermitteln kann; wobei die
Relativbewegungskomponente im Betrieb aus-
gelegt ist zum Treiben von Fluid durch den Kanal
in der Längsrichtung und zum Bewirken, dass
Objekte eine jeweilige längsläufige Relativbe-
wegung innerhalb jedes Bereiches aufweisen;
und wobei
die Relativbewegungskomponente wenigstens
eines umfasst von:

Kanalwandteilen mit inneren Oberflächen
zum Begrenzen eines Formwandberei-
ches, der in dem Satz ist, wobei die inneren
Oberflächen Formen aufweisen, die ausge-
legt sind zu bewirken, dass die jeweilige Re-
lativbewegung von Objekten innerhalb des
Formwandbereiches ungleichmäßig ist;
und
einer Versetzungskomponente, die im Be-
trieb ausgelegt ist, eine zeitveränderliche
Relativversetzung von Objekten innerhalb
eines Versetzungsbereiches in dem Satz zu
bewirken, wobei die Relativversetzung in
seitlichen Richtungen, die nicht parallel zu
der Längsrichtung sind, erfolgt und bewirkt,
dass die Relativbewegung wenigstens ei-
nes Objektes innerhalb des Versetzungs-
bereiches ungleichmäßig ist.

15. System nach Anspruch 1, des Weiteren umfassend:

eine Stützstruktur, die bei Verwendung ausge-
legt ist zum Stützen von Objekten;
wobei die Relativbewegungskomponente aus-
gelegt ist zum in Reaktion auf Steuersignale er-
folgenden Bewegen der Stützstruktur und/oder
des Sensors, was bewirkt, dass an der Stütz-
struktur gestützte Objekte eine jeweilige Rela-
tivbewegung innerhalb eines Erfassungsberei-
ches relativ zu dem Sensor aufweisen; und wo-
bei
die Relativbewegungskomponente wenigstens
eines beinhaltet von:

einem Stützbewegungsmechanismus, der
im Betrieb ausgelegt ist zum Steuern einer
Bewegung der Stützstruktur; und
einem Sensorbewegungsmechanismus,
der im Betrieb ausgelegt ist zum Steuern
einer Bewegung des Sensors; und
einer Steuerschaltung, die ausgelegt ist
zum Bereitstellen von Steuersignalen, in
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Reaktion worauf die Relativbewegungs-
komponente bewirkt, dass die Relativbewe-
gung wenigstens eines Objektes innerhalb
des Erfassungsbereiches ungleichmäßig
ist.

Revendications

1. Système comprenant :

un capteur qui, en cours de fonctionnement, est
adapté pour détecter des résultats à partir d’ob-
jets dans une zone de détection relative au
capteur ; et
un composant de mouvement relatif qui, en
cours de fonctionnement, est configuré pour
provoquer un mouvement relatif respectif de
chacun d’un sous-ensemble des objets ; les ob-
jets dans le sous-ensemble ayant chacun un
mouvement relatif respectif à l’intérieur de la zo-
ne de détection ; caractérisé en ce que le com-
posant de mouvement relatif étant en outre con-
figuré pour amener au moins un mouvement re-
latif d’un objet à l’intérieur de la zone de détec-
tion à être non-uniforme, le mouvement relatif
non-uniforme à l’intérieur de la zone de détec-
tion comportant au moins l’un parmi :
un mouvement relatif à variation périodique ;
un mouvement relatif à variation aléatoire ;
un mouvement relatif à variation par compres-
sion d’impulsions ; et
un mouvement relatif modulé qui complète au
moins un cycle de modulation à l’intérieur de la
zone de détection.

2. Système de la revendication 1 dans lequel au moins
l’un des résultats de détection :

comporte des informations codées de mouve-
ment résultant du mouvement relatif non-
uniforme ;
comporte des informations codées de manière
indépendante résultant d’un codage effectué
par le capteur indépendamment du mouvement
relatif non-uniforme ; et
indique au moins une forme d’onde avec une
variation dans le temps résultant du mouvement
relatif non-uniforme.

3. Système de la revendication 1 dans lequel le capteur
comporte au moins un composant parmi :

un composant d’excitation qui fournit un motif
d’excitation dans la zone de détection ;
un composant de filtrage qui filtre la lumière
émanant des objets dans la zone de détection
moyennant un motif de filtrage ; et

un composant de détection qui réalise la détec-
tion par interaction avec des objets dans la zone
de détection moyennant un motif de détection ;
le composant de détection comportant l’un par-
mi un photo-capteur et un capteur à base d’im-
pédance ou les deux à la fois ;
le mouvement relatif non-uniforme à l’intérieur
de la zone de détection comportant un mouve-
ment relatif non-uniforme entre des objets dans
le sous-ensemble et au moins un motif parmi :

le motif d’excitation ;
le motif de filtrage ; et
le motif de détection.

4. Système de la revendication 1 dans lequel le com-
posant de mouvement relatif comporte au moins un
mécanisme parmi :

un mécanisme de variation de mouvement qui,
en cours de fonctionnement, provoque le mou-
vement relatif non-uniforme en faisant varier
l’une parmi la vitesse et la direction de mouve-
ment relatif des objets ou les deux à la fois à
l’intérieur de la zone de détection ;
un mécanisme de mouvement fluidique qui, en
cours de fonctionnement, commande l’écoule-
ment d’un fluide transportant des objets à l’inté-
rieur de la zone de détection ;
un mécanisme de mouvement de canal qui, en
cours de fonctionnement, commande le mouve-
ment d’un canal qui comporte la zone de détec-
tion et à travers lequel des objets sont transpor-
tés à l’aide d’un fluide ;
un mécanisme de mouvement de support qui,
en cours de fonctionnement, commande le mou-
vement d’une structure supportant des objets ;
un mécanisme de mouvement de capteur qui,
en cours de fonctionnement, commande le mou-
vement du capteur ; et
un mécanisme de mouvement de motif qui, en
cours de fonctionnement, commande le mouve-
ment d’un motif par rapport à la zone de détec-
tion, le motif étant l’un parmi :

un motif d’excitation dans la zone de
détection ;
un motif de filtrage qui reçoit la lumière éma-
nant des objets dans la zone de détection ;
et
un motif de détection avec lequel le capteur
interagit avec des objets dans la zone de
détection.

5. Système de la revendication 4, comprenant en
outre :

une structure fluidique avec un canal qui com-
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porte la zone de détection et dans lequel un flui-
de transportant des objets dans le sous-ensem-
ble peut s’écouler dans une direction
longitudinale ;
le composant de mouvement relatif comportant
à la fois le mécanisme de mouvement fluidique
et le mécanisme de mouvement de canal, le mé-
canisme de mouvement fluidique commandant
l’écoulement du fluide dans la direction longitu-
dinale dans le canal et le mécanisme de mou-
vement de canal commandant le mouvement du
canal dans au moins une direction latérale qui
n’est pas parallèle à la direction longitudinale.

6. Système de la revendication 4, comprenant en
outre :

une structure de support mobile qui peut sup-
porter des objets ; et
le composant de mouvement relatif comportant
le mécanisme de mouvement de support ; le
mécanisme de mouvement de support compor-
tant au moins l’un parmi :

un dispositif de balayage qui, en cours de
fonctionnement, commande le mouvement
de balayage de la structure de support mo-
bile dans au moins une direction de
balayage ; et
un dispositif rotatif qui, en cours de fonction-
nement, commande un mouvement de ro-
tation de la structure de support mobile.

7. Système de la revendication 4 dans lequel le capteur
est mobile, le composant de mouvement relatif com-
portant le mécanisme de mouvement de capteur ;
le mécanisme de mouvement de capteur comportant
au moins l’un parmi :

un dispositif de balayage qui, en cours de fonc-
tionnement, commande le mouvement de ba-
layage du capteur dans au moins une direction
de balayage ; et
un dispositif rotatif qui, en cours de fonctionne-
ment, commande le mouvement de rotation du
capteur.

8. Système de la revendication 1, comprenant en
outre :

une structure fluidique avec un canal qui com-
porte la zone de détection et dans lequel un flui-
de transportant des objets dans le sous-ensem-
ble peut s’écouler dans une direction
longitudinale ;
le composant de mouvement relatif
comportant :

un dispositif fluidique qui, en cours de fonc-
tionnement, entraîne le fluide à travers le
canal dans la direction longitudinale, ame-
nant les objets dans le sous-ensemble à
avoir un mouvement relatif longitudinal res-
pectif à l’intérieur de la zone de détection ;

dans lequel au moins l’un(e) parmi :

la structure fluidique comporte en outre des
parties de paroi de canal avec des surfaces
internes qui délimitent la zone de détection,
les surfaces internes ayant des formes qui
provoquent le mouvement relatif non-
uniforme ; et
le composant de mouvement relatif com-
porte en outre un composant de déplace-
ment qui, en cours de fonctionnement, pro-
voque un déplacement relatif variable dans
le temps des objets à l’intérieur de la zone
de détection, le déplacement relatif étant
dans des directions latérales qui ne sont pas
parallèles à la direction longitudinale et pro-
voquant le mouvement relatif non-uniforme.

9. Système de la revendication 1, comprenant en
outre :

une structure de support capable de supporter
des objets ; le composant de mouvement relatif
étant capable de déplacer l’un(e) parmi la struc-
ture de support et le capteur ou les deux à la
fois de sorte qu’un objet supporté sur la structure
de support ait un mouvement relatif respectif à
l’intérieur de la zone de détection ; et
un ensemble de circuits de commande qui four-
nit des signaux de commande pour provoquer
le mouvement relatif non-uniforme ;
le composant de mouvement relatif comportant
au moins l’un parmi :

un mécanisme de mouvement de support
qui, en cours de fonctionnement, comman-
de le mouvement de la structure de
support ; l’ensemble de circuits de com-
mande fournissant des signaux de com-
mande au mécanisme de mouvement de
support provoquant le mouvement relatif
non-uniforme ; et
un mécanisme de mouvement de capteur
qui, en cours de fonctionnement, comman-
de le mouvement du capteur ; l’ensemble
de circuits de commande fournissant des
signaux de commande au mécanisme de
mouvement de capteur provoquant le mou-
vement relatif non-uniforme.

10. Dispositif codeur/capteur comprenant le système de
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la revendication 1 ; le dispositif comprenant en
outre :

un ensemble de circuits qui fournit des signaux
de commande en réponse auxquels le compo-
sant de mouvement relatif provoque le mouve-
ment relatif non-uniforme et qui reçoit des si-
gnaux qui indiquent les résultats de détection
du composant de détection.

11. Dispositif de la revendication 10 dans lequel l’en-
semble de circuits comporte :

un processeur qui fournit les signaux de com-
mande et qui, en réponse aux résultats de dé-
tection, effectue des opérations pour obtenir des
données indiquant des informations résultant du
mouvement relatif non-uniforme à l’intérieur de
la zone de détection.

12. Procédé d’utilisation de capteurs, le procédé com-
prenant le fait :

de faire fonctionner un capteur pour obtenir des
résultats de détection à partir des objets dans
une zone de détection relative au capteur, l’ac-
tion de faire fonctionner le capteur comprenant
le fait : de provoquer un mouvement relatif res-
pectif de chacun d’un sous-ensemble des objets
moyennant un composant de mouvement rela-
tif, chaque mouvement relatif d’objet comportant
un mouvement relatif respectif à l’intérieur de la
zone de détection ; le procédé étant caractérisé
en ce que pour au moins un objet dans le sous-
ensemble, le mouvement relatif respectif à l’in-
térieur de la zone de détection étant non-unifor-
me, le mouvement relatif non-uniforme à l’inté-
rieur de la zone de détection comportant au
moins l’un parmi :
un mouvement relatif à variation périodique ;
un mouvement relatif à variation aléatoire ;
un mouvement relatif à variation par compres-
sion d’impulsions ; et
un mouvement relatif modulé qui complète au
moins un cycle de modulation à l’intérieur de la
zone de détection.

13. Procédé de la revendication 12 dans lequel l’action
de provoquer un mouvement relatif respectif com-
porte au moins l’un parmi le fait :

de faire varier la vitesse des objets ;
de faire varier la direction des objets ;
de commander l’écoulement d’un fluide trans-
portant des objets ;
de commander un mouvement d’un canal à tra-
vers lequel des objets sont transportés par un
fluide ;

de commander un mouvement d’une structure
supportant des objets ;
de commander un mouvement du capteur ; et
de commander un mouvement de motif par rap-
port à la zone de détection d’au moins l’un
parmi :

un motif d’excitation dans la zone de
détection ;
un motif de filtrage qui reçoit la lumière éma-
nant des objets dans la zone de détection ;
et
un motif de détection avec lequel le capteur
interagit avec des objets dans la zone de
détection.

14. Système tel que revendiqué dans la revendication 1
comprenant en outre :

une structure fluidique qui comporte des parois
de canal délimitant un canal à travers lequel, en
cours de fonctionnement, un fluide transporte
des objets dans une direction longitudinale ; le
canal comportant un ensemble d’une ou de plu-
sieurs zone(s) dont chacune, en cours de fonc-
tionnement, est une zone de détection relative
à un capteur respectif, chaque capteur de zone
étant capable d’obtenir des résultats de détec-
tion à partir des objets dans la zone ; où le com-
posant de mouvement relatif, en cours de fonc-
tionnement, est adapté pour entraîner un fluide
à travers le canal dans la direction longitudinale
et pour amener des objets à avoir un mouve-
ment relatif longitudinal respectif à l’intérieur de
chaque zone ; et où
ledit composant de mouvement relatif comprend
au moins l’un(e) parmi :

des parties de paroi de canal avec des sur-
faces internes qui délimitent une zone en
forme de paroi qui est dans l’ensemble, les
surfaces internes ayant des formes qui sont
adaptées pour amener le mouvement relatif
respectif des objets à l’intérieur de la zone
en forme de paroi à être non-uniforme ; et
un composant de déplacement qui, en
cours de fonctionnement, est adapté pour
provoquer un déplacement relatif variable
dans le temps des objets à l’intérieur d’une
zone de déplacement dans l’ensemble, le
déplacement relatif étant dans des direc-
tions latérales qui ne sont pas parallèles à
la direction longitudinale et amenant au
moins un mouvement relatif d’objet à l’inté-
rieur de la zone de déplacement à être non-
uniforme.

15. Système de la revendication 1 comprenant en outre :
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une structure de support qui, en cours d’utilisa-
tion, est adaptée pour supporter des objets ;
dans lequel le composant de mouvement relatif
est adapté, en réponse à des signaux de com-
mande, pour déplacer l’un(e) parmi la structure
de support et le capteur ou les deux à la fois
amenant des objets supportés sur la structure
de support à avoir un mouvement relatif respec-
tif à l’intérieur d’une zone de détection relative
au capteur ; et où
le composant de mouvement relatif comporte
au moins l’un parmi :

un mécanisme de mouvement de support
qui, en cours de fonctionnement, est adapté
pour commander le mouvement de la struc-
ture de support ; et
un mécanisme de mouvement de capteur
qui, en cours de fonctionnement, est adapté
pour commander le mouvement du
capteur ; et
un ensemble de circuits de commande qui
est adapté pour fournir des signaux de com-
mande en réponse auxquels le composant
de mouvement relatif amène au moins un
mouvement relatif d’objet à l’intérieur de la
zone de détection à être non-uniforme.
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